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Abstract
The revolving door pattern of jail incarceration and homelessness and its influence on mortality
and morbidity among New York City adults
by
Sungwoo Lim
Adviser: Professor Lorna E. Thorpe
Objectives
The purpose of this dissertation study was to identify timing and sequencing of jail incarceration
and homelessness by utilizing sequence analysis and to test whether a particular trajectory
contributes to mortality risk and discontinuity of HIV care.

Methods
The main data source was an existing matched dataset, constructed using administrative data
from the New York City (NYC) Departments of Health and Mental Hygiene, Correction, and
Homeless Services. The study cohort consisted of 15,620 NYC adults with recent histories of
both jail incarceration and homelessness. Monthly experiences of jail incarceration,
homelessness, and community-dwelling in 2001-03 were summarized into trajectory groups
using sequence analysis. Then, the study examined associations between trajectory groups and
all-cause, drug-related, and HIV mortality risk during the subsequent two years using
Standardized Mortality Ratio (SMR) and marginal structural modeling. The study further
focused on the sub-set of the cohort living with HIV/AIDS, and tested whether trajectory groups
were associated with retention in HIV care and viral suppression.

Results
iv

Sequence analysis identified six trajectory groups of incarceration/homelessness. A majority of
the study cohort had sporadic experiences of brief incarceration and shelter stays (Temporary
pattern), whereas the others had mixed experiences in various lengths and frequencies. The SMR
analysis found that all-cause, drug-related, and HIV mortality risk among individuals with the
Temporary pattern was significantly higher than that of non-incarcerated/non-sheltered NYC
adults of the same age, sex, race/ethnicity, and neighborhood poverty. Similarly, after accounting
for confounding in marginal structural modeling, the elevated mortality risk was associated with
the Temporary versus persistent shelter stay patterns (Continuously homeless pattern). Of
1,173 individuals living with HIV/AIDS, the Temporary pattern was independent of retention in
HIV care, but significantly associated with lower prevalence of viral suppression, compared with
a pattern of prolonged shelter-free and jail-free period (Decreasingly homeless pattern).

Conclusions
Sporadic experiences of brief jail incarceration and homelessness among NYC
incarcerated/sheltered adults were associated with excess risk of mortality and low prevalence of
viral suppression. The study highlights the importance of public health efforts to modify patterns
of incarceration/homelessness experiences, along with behavioral interventions, in order to
reduce risk of adverse health conditions.
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Chapter 1. Introduction

1.1. The revolving door problem in public health
Jail incarceration and homelessness are strongly correlated in the United States (US), and about
25,000 adults in New York City (NYC) had histories of both events between 2001 and 2005.1
Homeless individuals may be at high risk of incarceration, as their behaviors related to survival
or substance use in public are often criminalized.2,3 The reverse pathway also is likely. Those
released from prison or jail, as opposed to the general population, are more likely to become
homeless, as they encounter limited opportunities for employment and housing, and experience
social stigma in the community.4,5 This frequent transition between jail incarceration and
homelessness is one particular case of the revolving door phenomenon, which refers to a cyclical
pattern of institutional recidivism such as repeated admission to jails, prisons, homeless shelters,
and psychiatric hospitals.6 This revolving door problem of incarceration and homelessness is
considered a serious public policy failure and human rights crisis, draining public resources
while letting a particular group of people cycle through shelters and correctional facilities. It also
has serious public health ramifications. A limited body of studies has shown that people with
histories of both incarceration and homelessness are at greater risk of morbidity and mortality
compared with those experiencing only one event.1,7 For example, a recent NYC longitudinal
study found that formerly-incarcerated people with histories of homelessness were more likely to
die from drug-related causes and suicide than formerly-incarcerated people who did not have
histories of homelessness.1 This excess risk of mortality and morbidity may be the result of
particular recent or longstanding behaviors such as criminal histories or substance use, lifecourse exposures related to poverty, severe mental illness, or circumstances such as
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unemployment.8 Alternatively, the excess health burden potentially reflects the cumulative or
incremental effects from transitions in and out of these institutions and states of being, affecting
stress and potentially introducing barriers to stable health care. Both perspectives may be equally
important in understanding potential causal mechanism by which homelessness and incarceration
could influence health conditions.

Despite the institutional similarities between sheltered homelessness and incarceration (e.g.,
residential facilities operated by public agencies), the often cyclical nature of exposure, and the
sizable overlap between the two populations, researchers typically consider each event separately,
resulting in two separate bodies of literature. This may be because the former is influenced by
housing status and policies, whereas the latter is based on a determination that a criminal justice
law has been infringed upon. In order to describe the background of the revolving door
phenomenon of incarceration and homelessness (“the revolving door problem”) in a public
health context, the dissertation first reviews existing evidence on the separate linkages between
homelessness and health and incarceration and health. It then summarizes common empirical
and theoretical grounds for these associations.

1.2. Homelessness and health
Homelessness refers to a condition where individuals or families do not have a fixed and regular
nighttime residence.9 It is considered as an extreme case of housing instability, and about 26
million adults in the US (14% of the US adult population) have reported at least one homeless
experience.10 It is well established in the current literature that poor health conditions are
associated with homelessness. About 39% of homeless adults in the US have been found to have
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current mental illness, which is higher than the national estimate of 25% of adults.11,12 In
particular, about 50% of a national sample of US homeless adults reported current drug and
alcohol problems.11 Homeless adults also disproportionately suffer from both chronic and
infectious diseases. For example, one study identified the prevalence of diabetes and
hypertension among 351 NYC homeless adults with an average age of 35 years to be 6.3% and
17.1%, respectively, which was higher than the corresponding prevalence in US adults aged 3544 years (1.9% and 7.4%, respectively).13 A recent meta-analysis of 43 studies from various
countries indicated that the prevalence of tuberculosis (TB) disease and hepatitis C virus
infection is also higher among homeless people compared with the general population.14

Consistent with poor mental and physical health conditions, excess mortality risk is evident
among homeless adults. In a NYC retrospective cohort study, being in a shelter for at least one
night was associated with an elevated risk of drug-related death and suicide.15 Similarly, the
race-adjusted mortality due to drug overdose was almost 16 times higher among homeless men
aged 25-44 years in Boston, compared with the general population in Massachusetts.16 In a
United Kingdom study of two retrospective cohorts, homelessness was an independent risk
factor for mortality even after controlling for demographic characteristics and clinical
conditions.17

Along with adverse health conditions, homeless adults disproportionately suffer from limited
health care access. A US national cross-sectional study of homeless adults found that almost two
thirds reported unmet needs in medical, mental, or dental care in the past year.18 Their rates of
unmet need in specific areas of health care were six to 10 times higher than those in the US
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population overall.18 Among adults living with HIV/AIDS, homelessness is associated with a
low likelihood of continuity of HIV care (e.g., making at least one visit to primary care doctors
every six months) and initiation of and adherence to antiretroviral regimens.19,20

1.3. Incarceration and health
The US criminal justice system operates prisons and jails as places of imprisonment.21 Prison is
run by federal or state governments, and detains convicted individuals who are sentenced for
more than one year. Jail is a local government institution that holds individuals charged with less
serious crimes and sentenced for a shorter time period than prisoners (maximum one year).
Those waiting for trials or who have violated probation and parole may also be detained in jail.
In 2011, the point-in-time estimate of adults in the US prisons and jails was 1.6 million, while
the total number of adults released from correctional facilities was estimated to be 10 million
over one-year period.22 Similar to homelessness, experiences of incarceration are associated with
poor health conditions. Approximately 45% of federal prisoners and 56% of state prisoners in the
US have mental illness, which is higher than the national prevalence (25%).11,23 Consistent with
high burden of mental illness, more than 70% of US incarcerated adults have histories of
substance use.4 A study conducted in 2004 found the age-adjusted prevalence of HIV was almost
two times higher among a representative sample of US prisoners as opposed to the general noninstitutionalized US population24 and even greater disparities were found in the prevalence of
hepatitis C virus (17-25% vs. 2%) and TB (1% vs. 0.01%).25 Increased odds of chronic diseases
including hypertension, asthma, arthritis, and cancer are also associated with being incarcerated
in US prison or jail after adjusting for demographics and alcohol use.26

4

During incarceration, inmates may receive some health care services and screenings (e.g., active
screening for sexually transmitted diseases, TB, HIV, and hepatitis C) that are potentially more
extensive than what they had access to in the community.21 Several studies have shown that
among US and Canadian prisoners living with HIV/AIDS who disclose their HIV status,
essential antiretroviral treatment and care are initiated in the early incarceration and well
maintained until release.27,28 Yet, screening for diseases and improved HIV care during
incarceration may not necessarily mean that inmates generally receive adequate health care in
prison or jail. According to the 2004 US national cross-sectional prison and 2002 jail surveys,
about 30% (prisoners) and 42% (jail inmates) on prescription medications prior to incarceration
reported discontinuing them after being admitted to prison or jail.24 In addition, some benefits
from improved access to care are no longer observed upon release from correctional facilities, as
evidenced as a decreased level of antiretroviral treatment adherence or increased viral loads post
release.28,29 It may reflect limited health care access that this population chronically experiences
prior to incarceration or life challenges that former inmates encounter in the community such as
few opportunities for stable housing and employment. Similar to access to care, all-cause
mortality while incarcerated is lower than that among the general population (e.g., Standardized
Mortality Ratio = 0.62-0.85),30,31 but this protective effect of incarceration tends to disappear
after release from prison or jail. A recent meta-analysis shows that excess all-cause mortality risk
after prison release was consistently observed across seven different prison populations.32 In
particular, Binswanger and colleagues found that the excess mortality risk was the highest during
the first two weeks after release among former prisoners in Washington State.33 They pointed out
that the elevated risk of drug-related mortality, cardiovascular disease mortality, suicide, and
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homicide during the first two weeks post-release were the largest contributors to the excess
mortality risk.

1.4. Common explanations about health and homelessness/incarceration
In current research, there are two major hypothesized mechanisms that explain excess risk of
morbidity and mortality among homeless or incarcerated adults: an individual risk factor
approach and a structural exposure approach. These approaches (described below) provide a
common ground for synthesizing separate bodies of the current literature to understand and test
risks associated with excess health burden among individuals with both experiences.

1.4.1. Individual risk factor approach. This approach considers homelessness or incarceration as
a marker of particular demographic and behavioral characteristics.34 It postulates that adverse
health conditions associated with homelessness or incarceration are due to a high concentration
of people with underlying health conditions, limited access to care, or risky behaviors such as
active substance use and high-risk sexual behaviors prior to these events.21 Given substantial
overlap in characteristics between the incarcerated and homeless populations, including low
socioeconomic status and substance use behaviors, the greater excess health burden among those
with both experiences as opposed to those with only one experience or the general population
may be a manifestation of a poorer underlying health status rather than a direct causal influence
of the incarceration or shelter experience itself. The underlying assumption of this approach is
that individual characteristics, risk behaviors, or network factors act as a common set of causes
of adverse health conditions and homelessness/incarceration.34 For example, in the crosssectional study of the convenience sample of homeless adults in San Francisco, the excess rate of
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HIV infection associated with histories of incarceration was interpreted as an indication of the
particular social or personal network factor such as the number of sex partners and substance use
that were positively associated with incarceration experiences as well as a risk factor of HIV
infection.7 In the individual risk factor approach, the elevated risk of HIV infection among
homeless adults with incarceration experiences, as opposed to those with homelessness only, was
attributed to higher prevalence of risky sexual behaviors and substance use, rather than exposure
to incarceration.7 On the other hand, as an explanation of a protective effect of incarceration on
all-cause mortality, incarceration has been considered to be a marker of protective factors based
on the assumption that one needs to be physically healthy enough to commit crimes.35

1.4.2. Structural exposure approach. In this approach, homelessness and incarceration are
considered as a process that damages biological systems and limits stable access to healthpromoting/protecting resources. Unlike the first approach that focuses on a role of demographic
and behavioral characteristics or underlying health conditions, it emphasizes describing
mechanisms by which the experiences of homelessness and incarceration cumulatively influence
health via physiological processes or limited access to care.34 As seen in recent evidence on the
independent effects of homelessness/incarceration on adverse health conditions, this approach
points to unique risks beyond demographic and behavioral risk factors such as persistent stress
that lead to physical and mental impairment and social/administrative barriers that lead to social
disadvantages.17,36 This perspective has been conceptualized as being composed of three aspects:
a psychological process, a physical process, and the influence of health care access.37 For the
psychological aspect it postulates that a lack of a permanent nighttime place or experiencing
physical confinement requires a radical adjustment of behaviors that substantially increases
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stress, which in turn prevents optimal physiological functioning as evidenced in the association
between an increased allostatic load due to persistent stress and excess risk of mortality and
morbidity.36,38-40 When it comes to the transition from correctional facilities to communities, the
structural exposure approach hypothesizes that former inmates are stigmatized and stressed as
society typically discriminates against these people in economic and social activities.36,41
Supporting this hypothesis, incarceration has been associated with a high likelihood of
psychological stress as well as stress-related diseases.36 In terms of the physical aspect,
homelessness and incarceration are hypothesized to have a negative impact on health via radical
changes in living conditions or increased exposure to violence and environmental hazards.17,36
Evidence also shows that incarceration could decrease drug tolerance levels due to temporary
abstinence of drugs during incarceration, increasing the chance of a drug overdose among
recently-released prisoners or jail inmates.1,42 A contrasting view, however, highlights a
decreased exposure to physical harm (e.g., traffic accidents, drug overdose) during incarceration,
proposing that incarceration has a protective effect on health. This perspective has been
supported by studies that reported lower risks of all-cause death during incarceration compared
with the general population, mainly driven by lower risk of death due to external causes.30,31

In addition to the biologic explanation, homelessness and incarceration are barriers to essential
health resources. Homeless people may consider primary care less important than urgent needs
for survival (e.g., access to housing, personal hygiene, and food), which leads to disrupted
disease management (e.g., HIV and diabetes) and prevention.12,18 Additionally, distrust in public
health systems, social isolation, and discrimination can create non-financial barriers to medical
care.12,18 For incarcerated individuals, there are two conflicting perspectives about the possible
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association between incarceration and access to care. One posits that incarceration could
potentially exert positive health effects because the correctional system can provide essential
health care for people with limited access prior to incarceration.39 In particular, a highly
controlled environment in correctional facilities has been considered as an ideal setting to
effectively administer long-term treatments such as antiretroviral treatment to HIV-infected
prisoners who disclose their HIV status.28 A contrasting view interprets a lower mortality risk
during incarceration as an artifact that prisoners are protected from violence, drug overdose, or
traffic accidents, rather than being due to improved health care access.30 About 25% of prisoners
using prescription drugs prior to incarceration reported that medications were discontinued after
prison entry in the 2004 US national survey,24 providing some evidence against the former
perspective. Furthermore, a study from Georgia demonstrates that the protective effect of
incarceration on mortality disappeared when compassionate release was accounted for, which
represented 27% to 45% deaths among Georgia prisoners in 1991-2006, implying that release of
sick prisoners is a probable cause of the decreased mortality rates among people at correctional
facilities.30

1.5. Summary and gaps in the current literature
As described in the earlier section, a heavier burden of poor health is evident among adults with
histories of homelessness or incarceration compared with non-homeless or non-incarcerated
counterparts. Two main approaches show that health status associated with
homelessness/incarceration can be explained by individual risk factors or cumulative exposure to
these events. As illustrated in Figure 1.1, in the individual risk factor approach, excess health
burden is a manifestation of a poorer underlying health status and risk behaviors, which are
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commonly found among people with these experiences. In the structural exposure approach,
more emphasis is made on describing mechanisms whereby the cumulative experiences of
homelessness and incarceration influence health via psychological, physiological, or health care
access process.34

Each approach may be equally important in understanding potential causal relationships between
homelessness/incarceration and health burdens, as both baseline characteristics and cumulative
life challenges likely contribute to adverse health conditions. However, evidence for the second
approach is scant in the current literature. A limited body of studies report mixed results when
temporal aspects of incarceration or homelessness experiences are accounted for.15,26,30 For
example, protective effects on all-cause mortality among prisoners or jail inmates have been
observed during incarceration,30,31 which disappear immediately after release.32 Also, chronic
homelessness has been associated with high mortality rates and low HIV prevalence.15 Prior risk
profiles or static measures of incarceration/homelessness experiences, which are considered as
determinants of poor health outcomes in most studies, may not be able to explain these timevarying associations. Another limitation is that most findings are based on cross-sectional
snapshots and there is little evidence of a temporal relationship between exposure and health
outcome. Except for mortality, health conditions have been rarely assessed as incident risk, and
temporal descriptions of life challenges associated with homelessness and incarceration are quite
limited. Longitudinal data may provide critical information to explain the association between
health and homelessness/incarceration, as seen in a limited body of studies.5 For example, using
a convenience sample of recently released NYC jail inmates, Freudenberg and colleagues
described the detrimental effects of incarceration on social integration. They found that a great
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majority had difficulty enrolling in some government services/benefits (e.g., housing programs,
Medicaid) that were restricted to former inmates, and got involved with illegal activities again.
Lastly, temporal dynamics between homelessness and incarceration are rarely examined in
analyzing relationship between these experiences and health even though these two events are
strongly correlated.43 Instead, existing studies often emphasize temporal characteristics of one of
these experiences, while using the other as a static measure that describes past experiences or
study settings.7

1.6. Overview of the dissertation
1.6.1. Overall goals
To address limitations in the existing literature, this dissertation aims to capture timing and
sequencing of jail incarceration and homelessness and identify group-based trajectories (i.e., a
statistical method for grouping individuals based on similar trajectories) among a retrospective
cohort study of NYC adults who were incarcerated or sheltered in NYC from 2001-05. The first
three-year administrative records of jail incarceration and homeless shelter use are used to create
a measure of complex trajectories of these longitudinal events. Another aim of the dissertation is
to examine the association between trajectories of jail incarceration/homelessness and health
outcomes during the last two years to test whether longitudinal exposure to these events
contributes to risk of mortality and morbidity. It first makes a population-level inference by
comparing the study population with non-incarcerated and non-sheltered NYC residents. Then,
focusing on NYC adults with both jail incarceration and homelessness, it attempts to draw causal
inference from associations between the revolving door pattern and mortality/HIV continuum
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care outcomes (e.g., retention in HIV care and viral suppression from laboratory-based
surveillance data).

1.6.2. Specific aims
Specific aims are:
Aim 1: To identify and characterize distinct groups of individual-level trajectories of jail
incarceration and homelessness among NYC adults. Trajectories of homelessness and
incarceration are hypothesized to be defined as discrete groups of individuals who share timing
and sequencing of these events rather than drawn from a continuous distribution that predicts
future events such as life course development of body mass index and psychological attributes.
This inference is plausible because being homeless or incarcerated is a major life disruption, and
the laws and policies usually focus on unique groups of homeless (e.g., chronic and episodic
homelessness) and incarcerated adults (e.g., misdemeanors, felons).
Hypothesis 1a: There are distinct groups of individuals that are characterized by withingroup similarities and between-group differences in trajectories of jail incarceration and
homelessness.


Demographic and behavioral characteristics associated with adverse health
conditions are more commonly found among people with both jail incarceration
and homelessness compared with those with only jail incarceration or only
homelessness.

Hypothesis 1b: A particular trajectory of jail incarceration/homelessness is associated
with sociodemographic and criminal characteristics, and also with prior health status.
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A trajectory of consistent jail incarceration and homelessness will be positively
associated with being a minority male and charged with minor crimes such as
loitering and making unreasonable noise.



A trajectory of frequent transitions between short-term jail incarceration and
homelessness will be positively associated with prior mental illness and substance
abuse.

Aim 2: To test whether particular trajectories of jail incarceration/homelessness are
associated with excess risk of mortality. Frequent transitions between jail incarceration and
homelessness are hypothesized to be independently associated with mortality outcomes including
excess risk of all-cause, drug-related, and HIV/AIDS deaths.
Hypothesis 2a: Among the NYC adult population, exposure to incarceration or
homelessness is associated with risk of mortality.


A trajectory of frequent transitions between short-term jail incarceration and
homelessness is associated with the highest risk of mortality across all trajectories.

Hypothesis 2b: Among NYC adult population with both jail incarceration and
homelessness, risk of all-cause, drug-related, and HIV/AIDS deaths is higher among
individuals with frequent transitions of short-term jail incarceration and homelessness
compared with those with trajectories of more persistent jail incarceration and
homelessness after controlling for individual-level risk factors.

Aim 3: To test whether particular trajectories of jail incarceration/homelessness are
associated with discontinuity of HIV care. Frequent transitions between jail incarceration and
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homelessness are hypothesized to be independently associated with lower likelihood of retention
in HIV care (at least two test results that are three months or greater apart within one-year period)
and lower prevalence of viral suppression (<400 copies/ml).
Hypothesis 3: Among NYC adults living with HIV/AIDS with recent experiences of both
jail incarceration and homelessness, lower likelihood of retention in HIV care and viral
suppression will be associated with frequent transitions of short-term jail incarceration
and homelessness versus trajectories of more persistent jail incarceration and
homelessness.

1.6.3. Organization of the dissertation
The subsequent part of the dissertation consists of four chapters. Chapter 2 introduces concepts
and analytic approaches of group-based trajectory modeling method, and presents trajectories of
jail incarceration and homelessness (aim 1). It also describes baseline demographic and criminal
characteristics and prior mental illness/substance uses in each trajectory group. In Chapter 3, the
trajectory grouping from Chapter 2 is used as an exposure variable and associated with all-cause,
drug-related, and HIV mortality outcomes (aim 2). Risk of death is compared between the study
population and non-incarcerated/non-sheltered NYC residents via standardized mortality ratios
(SMRs). Along with the between-population comparison, the association between risk of death
and a particular trajectory among the study population will be examined via marginal structural
modeling. Chapter 4 focuses on incarcerated/sheltered adults living with HIV/AIDS in NYC and
examines whether trajectory groups of jail incarceration and homelessness is associated with
discontinuity of HIV care (aim 3). Chapter 5 summarizes findings from Chapters 2-4 and
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discusses strength and limitations of the study. The dissertation concludes with policy
implications and future research directions.

1.6.4. Significance of the dissertation
Trajectories of jail incarceration/homelessness measured in the dissertation expand current
knowledge on the ‘revolving door’ problem. To our knowledge, no other study has undertaken a
characterization of such trajectories to date. As temporal information such as timing and order of
events is usually accurately captured in routine administrative data sources, and as the science of
matching large datasets improves, measures of this type will allow for more opportunities to
explicate connections between theories and operationalization, which strengthens internal
validity and leads to more effective and practical solutions.44 In addition, using the matched jail
and shelter records over time, this dissertation yields more complete profiles of demographic,
behavioral, and criminal characteristics for adults cycling through jails and homeless shelters,
compared with previous cross-sectional studies. Lastly, adopting rigorous methods to strengthen
causal inference from registry data, it improves the limited body of empirical evidence on the
extent to which individual risk factors and structural exposure contribute to adverse health
conditions. Findings will benefit public health practitioners to design and implement more
effective public health interventions, as limited resources can be more efficiently directed to
population groups or time periods of particularly high health risk (e.g., two weeks after release
among former substance users).

1.7. Data sources and study population
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The main data source that gives rise to the study cohort of adults incarcerated/sheltered in NYC
between 2001 and 2003 is an existing matched dataset, constructed using data from the NYC
Department of Health and Mental Hygiene (DOHMH), NYC Department of Correction (DOC),
and NYC Department of Homeless Services (DHS). This probabilistic matching process has
been evaluated and validation results have been published.1 The DOC registry of NYC jail
admission records serves as the primary data source that generates the study subjects aged 16
years or older who have been incarcerated in NYC jails (Rikers Island and borough houses of
detention in Brooklyn, Manhattan, and Bronx) during 2001 through 2005. These individuals
have been probabilistically matched with the DHS single adult shelter registry and multiple
DOHMH registries (vital statistics, HIV) that record NYC shelter use events, death events, and
all HIV diagnosed prevalent cases between 2001 and 2005. The final matched data include
demographic and criminal charge information, NYC jail admission/discharge information, NYC
single homeless shelter use, death, HIV diagnoses, and HIV laboratory test results for NYC
adults who have been incarcerated during 2001-05. In this dissertation, a homeless shelter use
event is considered as a surrogate of homelessness given that 90% of NYC homeless adults are
reported to use municipal homeless shelters.45

Among 298,281 ever-incarcerated or sheltered individuals in the matched data, the dissertation
focuses on those who were incarcerated or sheltered from 2001-03 because the first three years
were used to construct trajectories of jail incarceration/homelessness. Those who died during
2001-03 (N=1,231) were excluded because one of the main study outcomes was mortality during
2004-05. The data were further restricted to those aged to 18 years or older in 2001 because the
youngest age of NYC single adult shelter entry is 18 years old (N=194,536). Of these,
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individuals with both jail incarceration and homelessness (N=15,620) served as the primary
study cohort, while incarceration-only (N=144,566) and homelessness-only populations
(N=34,350) were included as comparison groups (Figure 1.2). Even though the revolving door
phenomenon of incarceration and homelessness did not occur in the last two populations, their
data were included to enhance the understanding of characteristics and trajectories of
incarceration/homelessness in the study cohort. In addition, by comparing the primary study
cohort with incarceration-only or homelessness-only populations, a dose-response relationship
can be examined. The first three years of jail incarceration and homelessness data were used to
construct trajectories of these events. As suggested in the previous study of NYC homeless
population, three years would be a sufficient time to identify stable patterns.46 The remaining two
years in the study period were used to assess the risk of mortality and morbidity by trajectory
group. Then mortality rates among the study cohort and incarceration-only and homelessnessonly populations were compared with those among non-incarcerated/non-sheltered NYC adults.
Because individual-level data were not available for NYC adults with no history of
incarceration/homelessness, aggregate counts of mortality (numerator) and NYC population
counts (denominator) were obtained from the NYC Office of Vital Statistics and the US Census
2000, respectively, to estimate risk of mortality in this unexposed group.
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Figure 1.1. Directed Acyclic Graphs for individual risk factor and structural exposure approaches
a. Individual risk factor approach

Individual
risk factors

Incarceration/
homelessness

Health conditions

b. Structural exposure approach

Individual
risk factors

Incarceration/
homelessness

Health conditions
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Figure 1.2. Venn diagram of the study population for the dissertation

The primary cohort:
individuals with both jail
incarceration and
homelessness (N=15,620)

Individuals with
homelessness only
(N=34,350)

Individuals with jail
incarceration only
(N=144,566)

Non-incarcerated and non-sheltered NYC adults (N=5,830,224)
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Chapter 2. Group-based trajectories of jail incarceration and homelessness among New
York City adults who were incarcerated or sheltered in 2001-03
2.1. Introduction
Experiencing both jail incarceration and homelessness has been associated with excess mortality
and morbidity risk in the US. Recent evidence points to unique health risk attributed to
cumulative exposure to these experiences beyond individual-level risk factors. Understanding
this structural exposure perspective is important because the identification of differential health
risks by specific time points or temporal patterns provide important insight into potential
mechanism through which body systems are affected by the experiences of being homeless or
incarcerated.1-3 In addition, the improved knowledge will make public health interventions more
effective because public health resources can be more efficiently directed to particular population
groups or time periods associated with excess health risk.

Despite these potential benefits from employing the structural exposure perspective, little has
been researched on transitions from/to jail incarceration and homelessness over time and their
influence on morbidity and mortality, reflecting challenges of quantifying complexity and
heterogeneity of exposure trajectories. A usual statistical treatment of repeated outcome data
may not be appropriate because its main focus is how to make correct estimates from correlated
data, rather than measure heterogeneity of trajectories of events.4 Recently progress has been
made in the methodology, known as group-based trajectory modeling, for capturing concepts of
sequence, duration, and timing to explain social phenomena such as employment and criminal
behaviors.5 The purpose of this study was to identify and characterize distinct groups of
trajectories of jail incarceration and homelessness among NYC adults via group-based trajectory
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modeling. Specifically, adults who experienced both incarceration and homelessness relative to
those with only a single exposure were profiled in terms of baseline characteristics and
trajectories of incarceration/homelessness. Then, whether a particular trajectory was associated
with socio-demographic and criminal charge information, and also with prior health status was
tested.

2.2. Methods
2.2.1. Samples
The primary study cohort consisted of 15,620 adults who were incarcerated and sheltered in
NYC in 2001-03. As described in Chapter 1, data sources were combined administrative data
from NYC DOC jail admission and NYC DHS single adult shelter registries. The comparison
groups included 34,350 adults with only homelessness, and 144,566 adults with only jail
incarceration.

2.2.2. Study variables
The outcome variable was trajectory groups of jail incarceration/homelessness. This variable was
obtained via group-based trajectory modeling based on admission and discharge information
from both NYC jail and DHS single shelter registries during 2001 through 2003. First, these
temporal records were first divided into time periods of 30 days (“windows”). Since the data
covered a three-year period, each individual had 36 windows. Then, one of three events
(incarceration, homelessness, community-dwelling) was identified in each window, which
yielded a sequence of three possible status descriptors assigned to each individual. For example,
if incarceration event(s) occurred during the 30-day period, that month was marked as
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incarceration. The same logic applied to homelessness events. Lastly, if no incarceration or
shelter stays occurred, that month was marked as community-dwelling. Three-quarters (76%) of
discharge locations at the end of all incarceration events during 2001-03 were recorded as
community as opposed to other places such as state prisons (16%), state psychiatric hospitals
(0.5%), and deportations (0.6%).

Independent variables included demographic and behavioral characteristics and types of criminal
charges from DOC admission records for the incarcerated population. Specifically, demographic
characteristics included age on June 30, 2002 (grouped as 18-24, 25-34, 35-44, 45-54, and 55-89
years), sex, race/ethnicity (grouped as Non-Hispanic white, non-Hispanic black, Hispanic, nonHispanic Asian, and other), and nativity (grouped as US-born and foreign-born). For
neighborhood characteristics self-reported zip codes were matched to one of 42 NYC
neighborhoods using the United Hospital Fund’s designation, an aggregate of adjoining zip
codes, and categorized into low (< 10%), medium (10 to 20%), high (20 to 30%), and very high
poverty neighborhoods (30% or higher) based on the percent of residents living below 200% of
the federal poverty level, according to the US Census 2000.6 Types of criminal charges, which
may be indicative of particular behavioral characteristics, were classified as follows: violent (e.g.,
assault, murder, harassment, resisting arrest, and hazing), drug sales, drug possession, public
administration (e.g., bail jumping, criminal contempt), property (e.g., arson, burglary), weapons
(e.g., use, sale, and possession of weapons), quality of life (e.g., loitering, disorderly conduct,
public lewdness), and sex crimes (e.g., rape, sexual abuse). For those with only homelessness,
the same set of independent variables (except for residence, nativity, and criminal charge
information) was obtained from DHS admission records. Lastly, because no data were collected
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to measure behavioral or mental health characteristics, proxy data were used to explore factors
such as the influence of substance use. Specifically, trajectory outcomes were compared between
individuals charged with drug possession or released to substance use treatment clinics and those
who were not. Also, the association of being discharged to state psychiatric hospitals or mental
health treatment clinics from jail or shelters with trajectory outcomes was evaluated to explore
the potential role of prior mental illness.

2.2.3. Statistical analysis
For the study cohort (N=15,620), all possible pairs of individuals were created, and the degree of
dissimilarity in sequences of three events between pairs was assessed by using three edit
functions (inserting, deleting, and substituting). Each edit function had a weight assigned, which
was determined by transition probabilities, and repeating this process over all possible pairs
generated a distance matrix known as Levenshtein matrix.7 Then, a hierarchical cluster analysis
with Ward method was performed, which resulted in non-overlapping clusters, representing
trajectory groups of jail incarceration and homelessness. R 2.15 version (Vienna, Austria) was
used to perform sequence (TraMineR package) and cluster analyses (cluster package). These
processes required for sequence analysis are illustrated in Figure 2.1. For the comparison groups
(144,566 adults with incarceration events only and 34,350 adults with homelessness only), a
parametric version of sequence analysis, growth mixture modeling, was performed to identify
group-based trajectories of incarceration or homelessness during 2001-03 using poLCA package
in R 2.15 version (Vienna, Austria). Both methods are conceptually similar, but growth mixture
modeling is more efficient than sequence analysis when large samples are analyzed (Figure 2.1).8
For sequence analysis, the optimal number of trajectory groups was determined according to the
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ratio of mean within-distances to mean between-distances <0.5 and relative improvement of this
ratio due to adding one more group to the cluster analysis solution.9 This approach is appropriate
for sequence analysis because it takes into account pairwise sequence differences used in
clustering, unlike other cluster validation measures requiring for identifying variable-based
differences (“dimension”; e.g., differences in age or sex between study subjects).9 For growth
mixture modeling, a two-step validation approach was used. First, from sequence analysis using
10% random samples of adults with only incarceration and 40% of random samples of those with
only homelessness, which was the maximum sample size for TraMineR package, an optimal
group solution was obtained according to the above criteria. It was more appropriate to
determine valid cluster numbers from sequence data compared with methods based on specific
dimensions. Second, growth mixture modeling was performed for the entire sample, and
trajectory groups that were consistent with the optimal solution from the first step in terms of the
number of groups and shapes of trajectories were considered final.

Descriptive statistics were computed to summarize individual risk factors of the study population
and trajectory groups of jail incarceration and/or homelessness. Then, trajectory groups were
associated with each of these baseline characteristics by means of bivariate analysis. Statistical
significance of bivariate association (two sided p-value <0.05) was evaluated using chi-square
test for categorical variables or independent t-test with bonferroni adjustment for continuous
variables. Additionally, multivariate association between baseline characteristics and trajectory
groups was evaluated via multinomial logit model. Yet, because of the large sample size, which
increases the chance to detect small differences to be statistically significant, magnitude of
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differences rather than statistical significance was more emphasized to describe risk profiles of
each trajectory group.

2.3. Results
The majority of 194,536 individuals who were incarcerated in NYC jail or spent at least one
night at NYC single adult shelter during 2001-03 were male (86%), aged 18-44 years (70%), and
non-Hispanic black or Hispanic (85%) (Table 2.1). Of this population, 8% (N=15,620) had both
jail incarceration and homelessness experiences, while the remaining individuals experienced
only incarceration (N=144,566; 74%) or only homelessness (N=34,350; 18%). The population
with both exposures, compared with NYC residents, was disproportionately composed of nonHispanic black males (55% vs. 10%), non-Hispanic blacks aged of 35-44 years (27% vs. 5%),
and residents of poor neighborhoods (40% vs. 24%). Compared with those with only one
exposure, this population had an even higher proportion of non-Hispanic blacks (62% vs. 51% of
the incarceration-only population or 52% of the homelessness-only population) and individuals
aged of 35-44 years (41% vs. 31% of the incarceration-only population or 32% of the
homelessness-only population). Another distinct characteristic among those with both
incarceration and homelessness was a higher prevalence of substance use behaviors and serious
mental illness according to proxy measures. Lastly, having both incarceration and homelessness
experiences, as opposed to only incarceration, was associated with particular criminal charges,
including property crimes (41% vs. 26%) and drug possession (37% vs. 30%).

2.3.1. Adults with both incarceration and homelessness
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Sequence analysis identified six non-overlapping groups of jail incarceration and homelessness
trajectories among adults with both incarceration and homelessness (Figure 2.2; Table 2.2). Each
plot in Figure 2.2 consists of stacked lines (y-axis) that represent individuals’ sequences of
monthly events over three years (x-axis). The majority (Temporary; N=9,467) spent most time
outside of jail and shelters and sporadically experienced brief jail incarceration and shelter stays
over three years. For example, individuals in this group were incarcerated for two or three days,
and spent several months in the community before returning to jail or staying in shelters briefly.
With these sporadic incarceration/homelessness events, they spent most time outside of shelter
and jail. In contrast, another group that spent extensive amounts of time in shelters (median 662
days) without much interruption and had few brief incarcerations were classified as
Continuously homeless pattern (N=691). Two trajectory patterns represented adults who
increasingly used homeless shelters during later months after sporadic incarceration events
(Increasingly homeless; N=1,793) and those who had early homelessness, followed by
community stays with sporadic incarceration (Decreasingly homeless; N=1,033). Despite
different sequencing, these two groups were similar in terms of aggregate time and frequencies
of incarceration. Similarly, there were adults with early homelessness, followed by incarceration
during later months (Increasingly incarcerated; N=1,343) and those with incarceration during
early months and community-dwelling or sporadic homelessness afterwards (Decreasingly
incarcerated; N=1,293).

Baseline demographic characteristics and neighborhood poverty were similar across all trajectory
groups except for Continuously homeless individuals who were much older than the others
(Table 2.3). Approximately 50% of individuals with Continuously homeless, Increasingly
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incarcerated, and Decreasingly incarcerated patterns had an indication of substance use,
while prevalence of serious mental illness in Continuously homeless group was the highest.
NYC jail inmates charged with drug possession, drug sales, property, and violent crimes were
more likely to be Increasingly or Decreasingly incarcerated during 2001-03 compared to those
with other crimes. In the multivariate analysis, all baseline characteristics except for sex,
neighborhood poverty, and quality of care crimes were statistically significantly associated with
trajectory groups (data not shown).

2.3.2. Adults with incarceration only
Among adults with only incarceration events, growth mixture modeling identified four trajectory
groups that represent Temporary, Decreasingly, Increasingly, and Continuously incarcerated
patterns (Figure 2.3). Sequence analysis based on 10% random samples confirmed that this
cluster solution met the validity criteria (Figure 2.3; Table 2.2). 70% of this population had a
brief history of incarceration over three years (Temporary), whereas 9% had extensive
incarceration experiences characterized by lengthy jail stay during 2001-03 (Continuously
incarcerated). The remaining 21% exhibited a structured pattern of incarceration during the
early months, followed by community-dwelling (Decreasingly incarcerated; N=15,174) or vice
versa (Increasingly incarcerated; N=16,282). Demographic, neighborhood, and criminal
characteristics were in general comparable across the four trajectory groups, except for
individuals with the Continuously incarcerated pattern whose percent charged with drug
possession, drug sales, and property crimes was almost two-fold higher than that among those
with Temporary pattern (Table 2.4).
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2.3.3. Adults with homelessness only
Similar to incarceration-only population, the growth mixture modeling identified four shelter use
patterns among adults with homelessness only, which were determined to be optimal according
to cluster validation criteria (Figure 2.4; Table 2.2). A majority of the homelessness-only
population (59%) exhibited a small number of shelter admission episodes with brief shelter stays
in 2001-03 (Temporary). 14% had a pattern of increasing use of shelter (Increasingly
homeless), while 15% had a pattern of an intensive shelter use at the earlier periods and then
later had sporadic brief shelter stays (Decreasingly homeless). Lastly, there was a pattern
representing continuously-sheltered individuals over three-year period (Continuously homeless;
11%). Temporary users were much younger than those with the other patterns, whereas the
opposite was found among Continuously homeless people (Table 2.5). Distributions of sex and
race/ethnicity were similar across the four homelessness patterns.

2.4. Discussion
NYC adults with both homelessness and incarceration experiences during 2001-03 were
predominantly minority males aged 25 to 44 years from poor NYC neighborhoods. While this
population’s characteristics were sociodemographically similar to that of the overall NYC
incarcerated population during the same period,10 there were particular characteristics that made
this group unique, including high prevalence of substance use and property crimes compared to
those with incarceration only? (Table 2.1). This finding was consistent with observations from a
US national sample of jail inmates with homelessness collected in 2002.11 Compared with adults
residing in NYC single adult homeless shelters during 2001-03 with no history of incarceration,
adults with both experiences were disproportionately younger and male.
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According to sequence analysis, there were non-overlapping clusters of individuals with distinct
timing and sequencing of longitudinal experiences of incarceration and homelessness. By
ignoring sequencing taking into account incarceration, homelessness, and community-dwelling
periods, aggregate measures (e.g., total length of shelter stay, total number of incarceration
events) would not identify these patterns. Temporary pattern was the largest group (61%),
representing sporadic experiences of incarceration and homelessness with brief stays. Even if
total number of incarceration or homelessness events was small in this pattern, it appeared to be
most consistent with the concept of the revolving door pattern that composes of frequent
occurrences of brief incarceration and homelessness, compared with the other patterns
characterized by persistent jail or shelter stays. One possible mechanism that links Temporary
pattern with the revolving door pattern is that brief exposure to incarceration and homelessness,
as opposed to persistent stays in jail or shelters, is more likely to generate life disruption, which
in turn lead to elevated stress levels and interrupt the continuity of essential health care. Another
mechanism is that individuals with Temporary pattern are less likely to benefit from health care
services in jails or shelters and receive proper discharge plans than those who stayed longer in
these institutions.

All the other groups had either incarceration or homelessness sustained for a certain time period.
In particular, two trajectory groups (Increasingly homeless and Decreasingly homeless patterns)
had patterns of consistent homelessness and sporadic incarceration events, but were different
from each other in terms of sequencing. One group had homelessness experiences during the
early months followed by few incarceration events, whereas the other had sporadic incarceration
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events transitioned to consistent homelessness during later months. These two contrasting
patterns would not have been identified if incarceration/homelessness events were aggregated
into total number of episodes or total length of stay. In addition, sequencing allowed for
identification of consistent incarceration and sporadic homelessness trajectories (N=2,636; 17%),
while the remaining 4% had homelessness persist throughout three-year observation time
(N=691). A recent NYC study identified shelter use trajectories of more diverse timing and
sequencing than the current study (e.g., initial shelter, early-mid shelter patterns).10 This
difference may be due to its smaller sample size (70 vs. 15,620) and shorter follow-up time (two
years vs. three years).

Demographic and criminal characteristics were comparable across the six trajectory groups of
incarceration/homelessness except for those with Increasingly incarcerated or Continuously
homeless patterns, who were more likely to be charged with property and violent crimes
(Increasingly incarcerated) or older (Continuously homeless) than the others. These baseline
differences can be controlled for via statistical techniques such as inverse probability of
treatment weighting, which then allows us to examine whether different trajectories of
institutionalization influences health risk beyond individual-level risk factors. Once baseline
characteristics are balanced out across trajectory groups, the exposure-outcome association may
empirically point to unique contribution of temporal exposure to incarceration or homelessness
to health risk or artifact of data affected by unobserved confounding.

Within similar trajectory groups across the study cohort and comparison populations, short and
frequent experiences of incarceration or homelessness appeared to be more common among
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people with dual exposures relative to a single exposure. In addition, among the subset of
incarcerated people with temporary trajectories, particular criminal characteristics such as
property crimes and drug possession were more prevalent among those with both experiences as
opposed to incarceration only. Given drug possession may be a proxy measure of substance use,
these findings support the hypothesis that risk factors associated with adverse health conditions
are more commonly found among people exposed to both incarceration and homelessness. High
prevalence of property crimes may indicate material deprivation or financial stresses in this
population,11 but it may also reflect disruptive behaviors resulting from substance use or mental
illness.

The study had several limitations. First, validity of trajectory grouping has been criticized
because it is often difficult to replicate using a different population.12 To address this limitation, I
adopted a method to thoroughly ensure validity of the trajectory grouping. Specifically, I
examined within and between distance ratios of trajectory groups among both the study cohort
and comparison groups, and selected the trajectory grouping solution with the ratios that first
became <0.5 (i.e., an indicator of valid grouping) and substantially decreased relative to the
previous solution.9 Second, a process of identifying groups of trajectories requires a strong
assumption that heterogeneity of individual-level trajectories is derived from latent groups, not
an underlying continuous distribution such as life course development of IQ, psychological
attributes, and employment.13 Even if this assumption seems plausible (e.g., being homeless or
incarcerated is a major life disruption; the policy convention recognizes unique groups of
homeless adults such as chronic and episodic homelessness),14 more research is required to
reinforce theoretical and empirical support for group-based trajectory modeling approach. Third,
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16% of discharge locations from all incarceration events were recorded as state or federal prisons
according to NYC jail registry. Because time after release from jails and shelters was defined as
community-dwelling in this study, there might be potential bias due to misclassifying actual
prison stay as community-dwelling. When one-year uninterrupted community-dwelling after
prison release was considered as a proxy of true prison stay, this type of event was concentrated
among individuals with persistent incarceration during early months, followed by communitydwelling; 26% in this group had proxy prison stay whereas 0% to 10% of those with other
patterns had the proxy prison stay. Taken together, misclassification error did not seem
substantial, although interpretation of results for those who transitioned to community-dwelling
from persistent jail stays should be made with caution. In addition, given that most homeless
people also left shelters and stayed in the community, time after a homeless shelter stay was
considered comparable to time after jail, which further justifies defining time outside of jails and
shelters as community-dwelling. Fourth, homelessness, incarceration, and residing in the
community were determined according to NYC single adult shelter use and NYC jail
admission/discharge dates, which may underestimate true incarceration/homelessness events
(e.g., street homelessness, incarceration outside of NYC). This bias, however, may be
counterbalanced by overestimation of true community-dwelling, and improved validity and
reliability of measures from administrative data as opposed to self-reports. Lastly, matched data
from multiple registries do not have much information about risk behaviors, prior mental illness,
and traumatic childhood events. Given that these characteristics have been associated with
frequent incarceration and homelessness,10,11 these unmeasured factors should be accounted for
to assess health risk attributed to the revolving door pattern.
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A main strength of this study is that combined administrative data for three years has allowed us
to generate comprehensive profiles of the transient population and detailed information about jail
incarceration and homeless shelter use over three years, which we can then use to examine the
influences of these patterns on health. A related strength is that longitudinal exposure of jail
incarceration and homelessness was measured by group-based trajectories. Sequences of jail
incarceration and homelessness events were accounted for, and summarized into distinct groups
of individuals. These groups seem more nuanced than previously used time-aggregated
groupings to measure homeless trajectories consisting of transitional (e.g., short-term
homelessness followed by no such events), episodic (e.g., frequent homelessness), and chronic
patterns (e.g., long-term homelessness without much interruption).14 For example, using the
conventional approach, individuals with Temporary pattern might have been classified as either
episodic or transitional group. As transitions and specific timings can characterize particular life
challenges, group-based trajectories potentially improve construct validity compared with a
simple indicator or time-aggregated measures of each event.15,16

In conclusion, adults who were both incarcerated and sheltered in NYC during the study time
period were more likely to be charged with property crimes and use substances than
incarceration-only or homelessness-only population. Within this high risk population, groupbased trajectory modeling revealed diverse trajectories of incarceration/homelessness. While
about 60% sporadically experienced brief jail and shelter stays, the remaining 40% had mixed
experiences of jail incarceration and homelessness in various lengths and frequencies. Between
some trajectory groups (e.g., Temporary vs. Increasingly homeless), basic demographic and
criminal characteristics were similar, indicating that particular trajectories of incarceration and
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homelessness might plausibly be associated with adverse health conditions, independent of
individual risk factors. This study finding highlights benefits of sequence analysis to generate
temporal measures that more accurately capture complex trajectories. Whether or not this more
nuanced approach helps elucidate health risks remains an empirical question to be tested. When
associated with health outcomes, trajectory grouping will contribute to understanding
mechanisms that exposure to incarceration and homelessness leads to health risk.
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Figure 2.1. Diagrams of group-based trajectory modeling used for adults who were incarcerated
in New York City jail or spent at least one night at New York City single adult shelter in 20012003
Admission/discharge information from New
York City (NYC) jail and single adult shelter
registries, 2001-03

1,047,269 monthly incarceration/homelessness cases from 194,536 individuals, 2001-03

NYC adults with incarceration
& homelessness, 2001-03

NYC adults with incarceration
only, 2001-03

NYC adults with homelessness
only, 2001-03

Full samples of 15,620 adults
with incarceration
&homelessness

10% random samples of
144,566 adults with
incarceration only

40% random samples of 34,350
adults with homelessness only

Step 1: Create distance matrix
based on pair-wise sequence
differences using TraMineR
package
Step 2: Perform cluster analysis
using cluster package
Step 3: Identify optimal number
of clusters

Step 1: Create distance matrix
based on pair-wise sequence
differences using TraMineR
package
Step 2: Perform cluster analysis
using cluster package
Step 3: Identify optimal number
of clusters

Step 1: Create distance matrix
based on pair-wise sequence
differences using TraMineR
package
Step 2: Perform cluster analysis
using cluster package
Step 3: Identify optimal number
of clusters

Full samples of 144,566 adults
with incarceration only

Full samples of 34,350 adults
with homelessness only

Step 4: Perform growth mixture
modeling (poLCA package)
according to optimal number of
clusters (Step 3)

Step 4: Perform growth mixture
modeling (poLCA package)
according to optimal number of
clusters (Step 3)

Notes: If both jail incarceration and homelessness occurred within a month, the number of jail and shelter days was
counted and the event with higher numbers of days was assigned to that month. If an equal number of days were
spent in both (678 out of 1,047,269 monthly incarceration/homelessness cases), the event less prevalent in
individual-level sequence was assigned. Of 678 cases, 62% had jail incarceration assigned, and the remaining 38%
were determined to be a homelessness event.
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Table 2.1. Demographic and criminal characteristics among adults who were incarcerated in New York City jail or spent at least one
night at New York City single adult shelter in 2001-2003

N

New York City
adults§

Total study
population

Incarceration &
homelessness

Incarceration
only

Homelessness
only

6,024,760

194,536

15,620

144,566

34,350

Column %
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Age as of June 30, 2002
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex†
Male
Female
Race/ethnicity†
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Others/unknown
Substance use¶
Prior serious mental illness¶
Nativity†‡
United States born
Foreign born
Neighborhood poverty‡
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)

13%
23%
21%
17%
26%

19%
30%
31%
15%
5%

11%
25%
41%
19%
5%

22%
33%
30%
12%
4%

9%
20%
31%
25%
14%

46%
54%

86%
14%

90%
10%

89%
11%

72%
28%

38%
23%
25%
10%
4%

10%
52%
33%
1%
4%
26%
1%

7%
62%
30%
0%
1%
41%
3%

10%
51%
36%
1%
2%
30%
1%

13%
53%
24%
1%
8%
3%
3%

90%
10%

78%
22%

2%
16%
10%
40%

3%
20%
12%
39%

9%
44%
20%
24%

Missing
Types of criminal charges‡
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes

3%

33%

26%

37%
21%
32%
31%
41%
4%
9%
3%

30%
18%
32%
27%
26%
7%
6%
3%

Notes:
†Because a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1% among adults with incarceration), sum of these numbers were not matched up with
total numbers of individuals.
¶Proxy measures were used to capture substance use and prior severe mental illness conditions (see Methods).
‡Data about Nativity, neighborhood of residence, and criminal charges were only available in the Department of Correction registry.
§Data came from United States Census 2000, restricted to New York City adults aged 18-89 years.
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Table 2.2. Mean within and between cluster distance ratios
Incarceration only
(N=144,566)
Cluster
number
2
3
4
5
6
7
8

Homelessness only
(N=34,350)

Mean w/mean b

Δw/b

Mean w/mean b

Δw/b

0.294
0.416
0.334
0.282

0.122
-0.082
-0.052

0.310
0.487
0.259
0.253
0.248

0.177
-0.228
-0.006
-0.005

Incarceration and
homelessness
(N=15,620)
Mean w/mean b

Δw/b

0.609
0.544
0.511
0.502
0.486
0.483
0.479

-0.065
-0.033
-0.009
-0.015
-0.003
-0.004

Abbreviations: w = within-distance; b = between-distance; Δw/b = change in mean w/mean b
The optimal solution should meet two criteria: 1) mean within-distance/between-distance ratio
<0.50 and 2) large decrease in mean within-distance/between distance ratio by increasing an
additional cluster. Numbers in bold indicate the optimal solution according to these thresholds.
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Figure 2..2. Six non-o
overlapping groups of jail incarceratiion/homelesssness trajecttories accordding
to sequen
nce analysis among 15,6
620 adults wh
ho spent at lleast one nigght in a New York City jail
and at leaast one nightt at a New York
Y
City sin
ngle adult hoomeless sheltters in 2001--2003

Notes: x ax
xis represents a single month during 2001 th
hrough 2003 (m
maximum: 36 m
months) and y axis representts
number off people.
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Figure 2..3. Four non--overlapping
g groups of incarceration
i
n trajectoriess according tto group-bassed
trajectory
y modeling among 144,566 adults who
w were inccarcerated inn a New Yorrk City jail aand
did not sttay in New York
Y
City sin
ngle adult sh
helters in 20 01-2003
a. 10% random sample (N=14,457)
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0.8

Temporary

0.6
0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34
Month of follow‐up
1
0.8
0.6

Increasingly
incarcerated

0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34
Month of follow‐up

Probability of incarceration

1

Probability of incarceration

Probability of incarceration

Probability of incarceration

b. The whole population (N=144,566)
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1
0.8
0.6

Decreasingly
incarcerated

0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34
Month of follow‐up
1
0.8

Continuously
incarcerated

0.6
0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34
Month of follow‐up

Figure 2..4. Four non--overlapping
g groups of homelessnes
h
ss trajectoriees according to group-baased
trajectory
y modeling among
a
34,35
50 adults wh
ho spent at leeast one nighht in New Yoork City singgle
adult hom
meless shelteers and weree not incarcerrated in New
w York City jail in 2001-2003
a. 40% random sample (N=13,740)
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1
0.8

Temporary

0.6
0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34

Probability of shelter use

Probability of shelter use

b. The whole population (N=34,350)

1
0.8
0.6
0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34

0.8
0.6

Increasingly
homeless

0.4
0.2
0
1 4 7 10 13 16 19 22 25 28 31 34

Month of follow‐up

Probability of shelter use

Probability of shelter use

Month of follow‐up
1

Decreasingly
homeless

Month of follow‐up

1
0.8
0.6
0.4
0.2

Continuously homeless

0
1 4 7 10 13 16 19 22 25 28 31 34
Month of follow‐up
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Table 2.3. Demographic and criminal characteristics by six trajectory groups among 15,620 adults who were incarcerated in New
York City jail and spent at least one night at New York City single adult shelter in 2001-2003

Total
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Exposure in 2001-03
Median # of incarceration events
Median days in jail
Median jail days per incarceration
Median # of shelter use events
Median days in shelters
Median shelter days per shelter
event
Age as of 6/30/2002
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex†
Male
Female
Race/ethnicity†
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Others/unknown

Increasingly Increasingly Decreasingly Decreasingly Continuously
incarcerated
homeless
incarcerated
homeless
homeless

Total

Temporary

15,620

9,467

1,343

1,793

1,293

1,033

691

2
54
25
4
42

1
34
19
3
20

4
301
82
4
32

2
39
19
11
273

3
259
83
3
20

1
26
12
11
314

2
22
11
21
662

8

6

6

25

6

29

33

11%
25%
41%
19%
5%

12%
26%
40%
18%
4%

10%
27%
45%
15%
3%

9%
21%
40%
24%
6%

10%
25%
46%
15%
4%

8%
21%
41%
25%
5%

5%
15%
39%
32%
9%

90%
10%

90%
10%

92%
8%

90%
10%

91%
9%

90%
10%

89%
11%

7%
62%
30%
0%
1%

8%
60%
31%
0%
1%

6%
65%
28%
0%
1%

6%
64%
29%
0%
1%

5%
64%
30%
0%
1%

7%
66%
26%
0%
1%

6%
69%
24%
0%
1%

45

Nativity†‡
United States born
Foreign born
Neighborhood poverty‡
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Missing
Types of criminal charges‡
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes
Substance use¶
Serious mental illness¶

90%
10%

89%
11%

91%
9%

88%
12%

94%
6%

88%
12%

88%
12%

2%
16%
10%
40%
33%

2%
16%
10%
40%
32%

2%
16%
9%
41%
32%

3%
15%
10%
40%
32%

2%
16%
9%
39%
33%

3%
13%
9%
40%
35%

4%
15%
8%
35%
38%

37%
21%
32%
31%
41%
4%
9%
3%

34%
18%
30%
30%
37%
4%
9%
2%

51%
31%
46%
40%
60%
7%
9%
3%

35%
19%
33%
31%
39%
5%
9%
3%

46%
35%
40%
36%
53%
5%
7%
4%

35%
14%
30%
30%
40%
3%
9%
3%

43%
22%
28%
29%
44%
3%
9%
4%

41%
3%

37%
2%

54%
4%

42%
6%

49%
2%

39%
6%

51%
9%

Notes: All bivariate associations were statistically significant except for quality of life charges. In the multivariate analysis, all baseline characteristics except for
sex, neighborhood poverty, and quality of care crimes were statistically significantly associated with trajectory groups.
Average numbers of incarceration events were significantly different across trajectory groups except for the following: Temporary vs. Decreasingly homeless
patterns.
Average numbers of homelessness events were significantly different across trajectory groups except for the following: Temporary vs. Decreasingly incarcerated,
and Increasingly homeless vs. Decreasingly homeless patterns.
Average numbers of jail days were significantly different across trajectory groups except for Temporary, Decreasingly, and Continuously homeless patterns.
Average numbers of homelessness days were significantly different across trajectory groups except for Temporary vs. Decreasingly incarcerated patterns.
†Because a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1% among adults with incarceration were not included, sum of these numbers were
not matched up with total numbers of individuals.
¶Proxy measures were used to capture substance use and prior severe mental illness conditions.
‡Data about Nativity, neighborhood of residence, and criminal charges were only available in the Department of Correction registry.

Table 2.4. Demographic and criminal characteristics by four trajectory groups among 144,566 adults who were incarcerated in New
York City jail and did not stay in New York City single adult shelters in 2001-2003

Total
Exposure in 2001-03
Median # of incarceration events
Median days in jail
Median jail days per incarceration

Total

Temporary

Decreasingly
incarcerated

Increasingly
incarcerated

Continuously
incarcerated

144,566

100,172

15,174

16,282

12,938

1
21
13

1
5
5

2
164
87

2
143
72

3
289
102

Column %
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Age as of 6/30/2002
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex†
Male
Female
Race/ethnicity†
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Others/unknown
Nativity†
United States born
Foreign born
Neighborhood poverty
Low (<10% below poverty)

22%
33%
30%
12%
4%

21%
33%
30%
13%
3%

23%
31%
32%
11%
3%

23%
33%
31%
10%
3%

23%
32%
33%
10%
2%

89%
11%

89%
11%

89%
11%

91%
9%

91%
9%

10%
51%
36%
1%
2%

11%
50%
35%
1%
3%

8%
54%
37%
0%
2%

8%
54%
36%
0%
2%

7%
56%
35%
0%
2%

78%
22%

76%
24%

86%
14%

82%
18%

86%
14%

3%

3%

2%

2%

2%
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Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Missing
Types of criminal charges
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes

20%
12%
39%
26%

21%
13%
38%
26%

18%
12%
42%
26%

18%
12%
42%
26%

18%
11%
41%
27%

30%
18%
32%
27%
26%
7%
6%
3%

26%
14%
30%
25%
23%
6%
7%
3%

37%
29%
34%
26%
30%
7%
5%
3%

39%
27%
36%
29%
35%
9%
5%
4%

44%
31%
43%
33%
41%
9%
6%
4%

Released to state psychiatric hospitals

1%

0%

1%

1%

2%

Notes: All bivariate and multivariate associations were statistically significant.
†Because a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1% among adults with incarceration were not included, sum of these numbers were
not matched up with total numbers of individuals.

Table 2.5. Demographic and criminal characteristics by four trajectory groups among 34,350 adults who spent at least one night at
New York City single adult shelter and were not incarcerated in New York City jail in 2001-2003

Total
Exposure in 2001-03
Median # of shelter use events
Median days in shelters
Median shelter days per shelter event

Total

Temporary

Decreasingly
homeless

Increasingly
homeless

Continuously
homeless

34,350

20,148

5,295

5,082

3,825

3
64
15

2
13
6

5
227
49

6
240
41

10
642
63

Column %
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Age as of 6/30/2002
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex†
Male
Female
Race/ethnicity†
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Others/unknown
Discharged for substance use treatment
Discharged for mental health treatment

9%
20%
31%
25%
14%

16%
25%
31%
18%
10%

7%
17%
32%
27%
17%

12%
20%
33%
26%
9%

5%
13%
31%
34%
17%

72%
28%

72%
28%

69%
31%

68%
31%

76%
24%

13%
53%
24%
1%
8%

15%
50%
25%
1%
9%

12%
57%
21%
1%
10%

12%
59%
23%
1%
5%

12%
57%
22%
1%
7%

3%
3%

2%
2%

4%
5%

5%
4%

7%
7%

Notes: All bivariate and multivariate associations were statistically significant.

†Because a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1% among adults with incarceration were not included, sum of these numbers were
not matched up with total numbers of individuals.
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Chapter 3. Risk of all-cause, drug-related, and HIV mortality by three-year trajectories of
jail incarceration and homelessness among incarcerated/sheltered New York City in 200405
3.1. Introduction
Frequent transitions between incarceration and homelessness (“the revolving door pattern”) have
been linked with adverse health conditions.1,2 These experiences have been postulated as a
process or determinant that damages biological systems and disrupts stable access to healthpromoting resources.3-5 A limited body of studies provides evidence that mortality and morbidity
risk is independently associated with temporal aspects of incarceration or homelessness
experiences. For example, the time immediately after release as opposed to a later time among
NYC former jail inmates was associated with greater risk of drug-related death,6 while spending
shorter time in shelters was associated with lower risk of new HIV diagnoses among NYC adults
with homelessness.7

Prior risk profiles or static measures of incarceration/homelessness experiences may not be able
to explain these time-varying associations. The previous chapter revealed diverse trajectory
groups that represent complex three-year trajectories of jail incarceration and homelessness
among NYC adults. For example, about 60% of NYC adults who were sheltered and incarcerated
in 2001-03 experienced potentially more disruptive short-term incarceration and homelessness,
while the remaining 40% exhibited trajectories of more persistent incarceration or homelessness.
The purpose of this study was to test whether longitudinal exposure to
incarceration/homelessness events, which were captured in trajectory groups from Chapter 2,
contributed to risk of all-cause, drug-related, and HIV mortalities among NYC adults. The study
first made a population-level inference by comparing mortality rates among
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incarcerated/sheltered NYC adults with those among unexposed NYC counterparts. Then,
focusing on those with both jail incarceration and homelessness, it attempted to draw causal
inference from associations between the revolving door pattern and mortality.

3.2. Methods
3.2.1. Samples
The study population comprised of 15,620 individuals with both jail incarceration and
homelessness, 144,566 individuals with incarceration-only, and 34,350 individuals with
homelessness-only during 2001-03 as described in Chapter 1. A comparison group was nonincarcerated and non-sheltered NYC adults (N=5,830,224). For the study population, the
combined administrative data from NYC jail and NYC single adult shelter registries provided
jail incarceration/shelter use records and baseline demographic and criminal information. From
the matched NYC vital statistics data, death events during 2004-05 were enumerated for this
population. Because there were no individual-level data for the comparison group, two
population-level data sources − US Census 2000 and NYC vital statistics registries − were used
to estimate mortality during 2004-05.

3.2.2. Study variables
Primary outcome variables included all-cause deaths, deaths due to drug-related causes (F11-F16,
F18-F19, X40-X42, X44), and deaths due to HIV (B20-B24) according to the International
Classification of Disease, 10th revision.8 The main exposure variable was the polytomous set of
six trajectories of jail incarceration/homelessness from Chapter 2. Potential confounders for
exposure-outcome association were identified using Directed Acyclic Graph (DAG), which is a
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conceptual tool to graphically describe a structural framework that variables are connected by
directed arrows representing causal effects.9 As illustrated in Figure 3.1, baseline demographic
(age, sex, race/ethnicity, neighborhood poverty) and behavioral characteristics (proxy substance
use), type of criminal charges, and proxy prior mental health conditions were identified a priori
as confounders of the jail incarceration/homelessness trajectory–mortality association. Study
participation (i.e., censoring) was identified as a collider of that association (i.e., a common
effect of exposure and outcome) because one would need to be found in NYC DOC/DHS
registries to have a particular trajectory of incarceration/homelessness assigned, and would need
to have survived in 2001-03. Because this study was conditioned on those who were homeless or
jailed and survived during the study time period, additional analytic steps (described in the next
section below) were taken to attempt to address any selection biases this introduced.

To account for differential time at risk, person-years were calculated and used as a denominator
of mortality rates. For those who died in 2004-05, person-years were calculated as the time
between January 1, 2004 and the date of death. Two years was used for those who were alive as
of December 31, 2005. For non-incarcerated and non-sheltered individuals (comparison group),
person-years were estimated by subtracting total person-years of the study population from proxy
person-years of NYC adults in 2004-05 (=2*NYC adult population counts from US Census
2000).

3.2.3. Statistical analysis
Standardized Mortality Ratio
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The mortality rate for each trajectory was compared with that among non-incarcerated/nonsheltered NYC adults by means of Standardized Mortality Ratio (SMR). Specifically, for adults
with incarceration events only (N=144,566) or both incarceration and homelessness (N=15,620),
the observed numbers of deaths was counted in each trajectory of jail incarceration/homelessness,
and expected numbers of deaths was obtained by multiplying the age-, sex-, race/ethnicity-, and
neighborhood poverty-specific mortality rates of non-incarcerated/non-sheltered NYC residents
by the person-years for each trajectory in corresponding age, sex, race/ethnicity, and
neighborhood poverty strata. SMR was the ratio of the observed over the expected number of
deaths. The Poisson method was used to compute 95% two-sided confidence intervals for the
SMRs. For adults with homelessness only (N=34,350), an SMR was obtained using the same
method, but not adjusted for neighborhood poverty because of the large amount of missing data
(homelessness often results in missing zipcode of residence).

Marginal structural modeling for NYC adults with both jail incarceration and homelessness
To determine whether particular trajectories are causally associated with mortality, data should
meet three causal assumptions. Under the exchangeability assumption, the probability of having
each trajectory (“propensity score”) should be independent of covariates that are causally related
with mortality, which creates a condition that the risk of a health outcome would change as a
result of the change in one’s trajectory of incarceration and homeless shelter experiences.10 To
establish this condition, I first performed multinomial regression analysis using group-based
trajectories of incarceration/homelessness (dependent variable), and baseline covariates that were
identified as confounders via DAG (independent variables: age; sex; race/ethnicity; nativity;
neighborhood poverty; a proxy measure of substance use; a proxy measure of mental illness; and
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criminal charges due to drug sales, violent crimes, weapon possession, public administration,
property crimes, quality of life crimes, and sex crimes). This model, known as propensity score
model, yielded an individual's probability of being in each trajectory group. Weighting the
exposure-outcome relationship by an inverse of this score (inverse probability of treatment
weight; IPTW) blocks pathways from potential confounders to exposure and establishes
exchangeability (Appendix I).10 To minimize influences from large weights, I stabilized IPTW
by replacing 1 in the numerator with a marginal probability of the observed trajectory.10 The
second causal assumption is positivity, which assumes that all study subjects should have
positive probabilities of exhibiting all possible trajectories. Extreme IPTW, which are far off
from 1, are indicative of nonpositivity.11 As seen in Appendix II, estimated IPTW was 1 on
average with a small standard deviation (i.e., IPTW was tightly distributed around 1), justifying
no adjustment to meet the criteria for assuming adequate positivity.11 The third causal
assumption is the stable unit treatment value assumption (SUTVA), which assumes that the
outcome of any study subject should depend on the trajectory group originally assigned to him or
her, and not be influenced by the trajectory of other study subjects.12 SUTVA are likely to be
violated if some study subjects are geographically clustered such as living in the same shelters.13
This potential dependency may bias the association between a particular trajectory and mortality.
To address potential data dependency and violation of SUTVA, I adjusted for poverty levels of
neighborhood of residency using IPTW. Mixed modeling or Generalized Estimation Equation
approach was not used in this study because intraclass correlation, a measure of data correlation
by four neighborhood poverty groups, was very small.
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A marginal structural Cox proportional hazard model was then used to estimate the causal
relationship between trajectories of jail incarceration/homelessness and mortality. Using IPTW
to create a pseudo-population for which causal assumptions hold (see Appendix I), this model
yields the marginal probability of the counterfactual random variables of mortality predicted by
trajectory groups.10 Unlike a conventional regression model, its coefficient of exposure variable
represents causal effects on the entire target population. A sandwich estimator for variance and a
corresponding p-value were calculated because it was robust against model misspecification. To
reduce potential bias from tied events,14,15 Efron’s approximation method was used.16

Missing data and imputation
To reduce potential bias resulting from excluding missing data in the analysis (sex: 1%,
race/ethnicity: 1%, nativity: 1% excluding the homelessness-only population; neighborhood
poverty: 25% excluding the homelessness-only population), I performed multiple imputations
using IVEware software that adopted the sequential regression method.17 Missing nativity and
neighborhood poverty data were not imputed for adults who only had shelter use records because
nativity information was not collected and neighborhood information was more than 50%
missing in NYC shelter registry. Because of limited number of covariates and relatively large
amounts of missing data in the neighborhood poverty variable, I tested whether imputation was a
reasonable approach for individuals with both jail incarceration and homelessness and those with
incarceration-only. From individuals with complete data, 25% was randomly selected and
neighborhood poverty information was deleted. I then performed imputation and assessed
agreement between actual and imputed neighborhood poverty data for the 25% samples
randomly selected a priori. The estimated Kappa statistic was greater than the threshold (0.76 >
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0.75), justifying imputing missing data (Appendix III).18 Multiple imputations generated five
imputed datasets, and combined results of five estimates that accounted for within- and betweenimputation variability were reported according to Schafer’s approach.19

Four sensitivity analyses
Because the study did not collect information about behavioral and clinical characteristics
associated with mortality such as injecting drug use (IDU), binge drinking, and chronic diseases,
causal estimates from marginal structural modeling were potentially biased due to unobserved
confounding. To address this issue, the study assessed the extent to which causal estimates might
be influenced by bias due to unobserved confounding by performing two sensitivity analyses.
The first one used the external adjustment method, which is derived from the equation that the
, where PC1 = a probability of a binary

confounded relative risk (RR) = true RR

confounder, C, among exposed, PC0 = a probability of C among unexposed, and RRCD = RR
between C and an outcome, D.20 Setting the true RR = 1 and applying estimates from external
sources to this formula, bias due to unmeasured confounders can be estimated. In this study, data
from Survey of Jail Inmates 2002, the cross-sectional survey of 6,982 sampled inmates
representative of the US jail population, provided estimated prevalence of unmeasured
confounders (e.g., IDU experiences, binge drinking) and estimated associations between
unmeasured confounders and exposure.21

The second sensitivity analysis was based on VanderWeele and Arah's bias equation, which is
derived under three assumptions: 1) the association between the outcome and unobserved
confounders is consistent across all levels of exposure and observed covariates; 2) the
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unmeasured confounder (U) is binary; 3) the prevalence of U is constant across all levels of
observed covariates.22 These assumptions allowed for estimating bias due to unobserved
confounding by the formula:

|

,

|

,

, where γ = association between outcome and U,

a = exposure, and x = measured covariates; otherwise, quantifying unobserved confounding bias
would be almost impossible because observation studies often include a large number of
covariates that generate many levels.22 Because U was unknown, varying γ and a ratio of
prevalence of U among the exposed over that among the unexposed (δ) were used, and in each
level of γ and δ unbiased estimate of causal effect was obtained ( = confounded RR / the
estimated bias due to unobserved confounding). Since the variance was not affected by bias, I
calculated the unbiased estimate of lower bound of confidence intervals using the same method,
and examined whether it became below 1 (i.e., not statistically significant) or above 1 (i.e.,
statistically significant).

Along with unobserved confounders, prior exposure to jail incarceration/homelessness may lead
to a biased association between a particular trajectory of these events and mortality. If three-year
data were very different from previous years and not representing true trajectories (e.g., brief
incarceration during early months in 2001-03 was a continuation of long-term persistent
incarceration prior to 2001), low or high mortality risk might have been an effect of prior
exposure rather than observed trajectories in 2001-03. In addition, excluding individuals who
died during 2001-03 in the cohort might introduce survivor bias. To address these potential bias
issues, I performed additional sensitivity analyses by 1) repeating sequence analysis and
marginal structural modeling for adults aged 25 years or younger because they were less likely to
have prior incarceration/homelessness experiences than older ones, and 2) examining
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characteristics of those who were excluded due to deaths during 2001-03 and repeating marginal
structural modeling using the study cohort data that included early death cases.

All the analyses were performed using SAS 9.2 software (Cary, NC). Statistical significance was
established if two sided p-value <0.05.

3.3. Results
During 2004-05, age-adjusted all-cause mortality rate among NYC adults who were both
incarcerated and sheltered in 2001-03 was 1,086 per 100,000 person-years (95% Confidence
Interval (CI) = 911, 1,288). It was similar to that among homelessness-only population (1,133
per 100,000 person-years, 95% CI = 1,036, 1,238), and higher than incarceration-only population
(390 per 100,000 person-years, 95% CI = 347, 437) and non-incarcerated/non-sheltered NYC
adults (826 per 100,000 person-years, 95% CI = 816, 837). Adjusted for age, the top four causes
of death among those with both incarceration and homelessness included cancer, heart disease,
HIV, and drug-related causes (Table 3.1). These were also the leading causes of death among the
incarceration-only population, although cause-specific mortality rates were much lower than
those among individuals with dual exposures. Compared with these two populations, adults with
homelessness only and non-incarcerated/non-sheltered NYC adults were less likely to die of
drug-related causes.

3.3.1. Comparisons with non-incarcerated/non-sheltered NYC adults
Compared with non-incarcerated/non-sheltered NYC adults of the same age, sex, race/ethnicity,
and neighborhood poverty, incarcerated/sheltered adults with a Temporary trajectory had a 1.35
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times higher risk of all-cause death (95% CI = 1.14, 1.59), and 4.60 times higher risk of drugrelated death (95% CI = 3.17, 6.46). In addition, the SMR for HIV mortality was 1.54 among
those with a Temporary trajectory of incarceration and homelessness (95% CI = 1.03, 2.21). All
the other trajectory groups in this population with both incarceration and homelessness were not
statistically different from unexposed NYC residents in terms of all-cause and HIV mortality risk.
An elevated risk of drug-related death was found among all trajectory groups except for
Increasingly incarcerated and Continuously homeless patterns (Table 3.2).

Higher all-cause mortality risk was observed in all four trajectory groups of the homelessnessonly population compared to unexposed NYC residents, whereas a lower risk was found among
the trajectory groups of incarceration-only population (Table 3.2). Stratified by trajectory groups
these two populations experienced higher risk of drug-related deaths than unexposed NYC
residents in 2004-05, whereas none of the groups had an increased risk of HIV mortality.

3.3.2. Comparisons among six incarceration/homelessness trajectory groups
After balancing out differences in baseline covariates across six trajectory groups in the
population with both incarceration and homelessness, all-cause mortality risk among adults with
a Temporary relative to Continuously homeless pattern was 1.91 times higher (95% CI = 1.00,
3.68) during the two year follow-up period (Table 3.3). This pattern was also associated with risk
of drug-related death and HIV death. Compared with Continuously homeless pattern, other
trajectories yielded the null relative risk except for the elevated risk of drug-related death in
Decreasingly incarcerated and Increasingly homeless patterns.
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3.3.3. Sensitivity analyses
Despite evidence from marginal structural modeling, excess risk of mortality associated with the
Temporary pattern among the population with both incarceration and homelessness might be
due to unobserved confounding such as IDU and binge drinking. The results from sensitivity
analyses in Table 4 show that adjusting for IDU might have moved the estimated relative risk
away from the null by 2.75%, whereas bias in the opposite direction was expected if adjusting
for binge drinking (bias = 1.95%). In addition, Figure 3.2 illustrates how the lower bound of 95%
confidence interval of relative risk for all-cause mortality is affected by adjusting for unobserved
confounding. If prevalence of risk behaviors among the unexposed were greater than that among
the exposed (i.e., δ < 1), which was consistent with that of observed risk factors in this study
(Temporary pattern versus Continuously homeless pattern), an unbiased estimate of the lower
bound of 95% confidence interval would have moved away from 1. Along with sensitivity
analyses for unobserved confounders, the study cohort was restricted to adults aged 25 years or
younger and all the analyses were repeated. Similar to the main analysis, a majority had
Temporary pattern in 2001-03. This pattern, as opposed to Continuously homeless pattern, was
also associated with higher mortality risk, although the estimated association was not statistically
significant due to a very small number of deaths.

Lastly, 146 individuals who died during 2001-03 were compared with the study cohort in terms
of baseline characteristics and trajectories of incarceration/homelessness. Those who died earlier
were older than those retained (on average 46 versus 36 years old), but there were no other
systematic differences in baseline demographic and criminal characteristics, and leading causes
of death between two groups (e.g., drug-related death: 29% vs. 23%, HIV death: 19% vs. 18%).
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The sequence analysis of these early death cases identified one trajectory group similar to
Temporary pattern (N=64 deaths), and the other group (N=20 deaths) characterized by
persistent homelessness (Figure 3.3). The remaining two groups (N=62 deaths) did not have
sufficient observation time to generate meaningful trajectories; they were characterized by the
length of observation time rather than events. After those with valid trajectories (N=84 deaths)
were put back to the study cohort, the marginal structural modeling analysis were repeated.
Excess all-cause and HIV mortality risk associated with Temporary pattern were consistently
found. However, the association between trajectory groups and risk of drug-related death was
attenuated and no longer statistically significant, although the magnitude of drug-related
mortality risk was still the highest among Temporary pattern.

3.4. Discussion
In the retrospective cohort study of incarcerated/sheltered NYC adults, sporadic exposure to brief
jail incarceration and homelessness (Temporary pattern) was associated with excess risk of allcause, drug-related, and HIV deaths during a two year follow-up period. This elevated mortality
risk was consistently found when compared with non-incarcerated/non-sheltered NYC adults as
well as those with Continuously homeless pattern. In particular, NYC adults with this
Temporary pattern were five times more likely to die of drug-related causes than unexposed
NYC residents of the same age, sex, race/ethnicity, and neighborhood poverty. Excess risk of
drug-related deaths was also observed in the other trajectory groups except for Increasingly
incarcerated and Continuously homeless patterns, whereas all-cause and HIV mortality risk
was not associated with trajectory groups other than Temporary pattern.
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Compared with non-incarcerated/non-sheltered NYC adults, all-cause mortality risk was greater
among those with homelessness-only, and smaller among those with incarceration-only
according to SMR analysis. These findings were consistent with existing evidence from previous
studies that homelessness was an independent mortality risk factor in the United Kingdom5 and
time at prison or jail was related with lower risk of age-adjusted all-cause mortality among
prisoners or jail inmates as opposed to the US general population.23,24 In general, the SMR was
greater among the incarceration and homelessness population with Temporary pattern, as
opposed to incarceration-only or homelessness-only populations. However, pairwise
comparisons of SMR between different populations should be made with caution because SMR
inference was specific to each population (i.e., the reference population served as counterfactual
of the exposed population) and a limited number of confounders were accounted for. For
example, a relatively high observed SMR among the homelessness-only population relative to
the other populations may reflect residual confounding associated with their older ages or other
unmeasured residual confounding that influences the observed homelessness-mortality
association.

Excess risk of all-cause mortality among ever-incarcerated and ever-sheltered individuals with
Temporary pattern, especially as opposed to those with Continuously homeless pattern, may
point to health burdens attributed to the revolving door pattern. Two methods were employed to
assess whether this observation was potentially the result of an artifact of confounding, including
IPTW and sensitivity analyses. Both results ascertained causal assumptions and suggested that
the observed association was unlikely to be an artifact of confounding, strengthening this
inference. One possible mechanism is disruption of medical care due to transitions from brief jail
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incarceration or homelessness to community-dwelling, which may also explain the association
between Temporary pattern and high HIV mortality risk because continuity of antiretroviral
care is critical for survival among people living with HIV/AIDS.25 In contrast, for those with
trajectories of persistent homelessness or incarceration relative to the Temporary pattern,
essential medical care is less frequently to be disrupted or exposed to hazardous environments in
the community (e.g., drug intake) for at least two-year follow-up period. Another possible
explanation for the Temporary pattern-mortality association is that frequent releases from jail
may increase a chance for drug overdose as abstinence during jail stay decreases drug
tolerance.26 This mechanism has been supported by evidence of excess risk of drug-related death
in the previous US and United Kingdom studies.2,27,28 Yet, another sensitivity analysis examined
possible survivor bias by taking into account early death cases that were excluded, and revealed
that excess risk of drug-related death associated with the Temporary pattern in the current study
was less apparent. Extensive discussion on this finding can be found in the following limitations
section. Lastly, some researchers attribute excess mortality risk associated with incarceration or
homelessness as cumulative stresses,3,5 but this explanation seems less convincing than the
others given the similar sensitivity analysis finding among the cohort aged 25 years or younger,
the short observation time, and lack of data about differential stress levels across trajectory
groups.

All trajectory groups except for Increasingly incarcerated and Continuously homelessness
patterns were associated with risk of drug-related death, compared with unexposed NYC
residents. Incarceration during later time or consistent shelter stays throughout 2001-03 were
more likely to remain incarcerated or sheltered during subsequent two years than other
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trajectories, which might decrease circumstances to use drugs. Unlike drug-related death, risk of
HIV death was not elevated among NYC adults who had incarceration/homelessness sustained
for certain time points. During uninterrupted stays, they might benefit from medical services or
referrals offered in shelters or jail. Yet, more data about availability and delivery of services for
NYC jail inmates or shelter users with HIV/AIDS are warranted to test this hypothesis.

This study has some limitations. First, only aggregate data were available for nonincarcerated/non-sheltered NYC adults. As mentioned earlier, inference from the SMR analysis
should thus be made with caution because relative risk could be biased due to residual
confounding beyond age, sex, race/ethnicity, and neighborhood poverty. Second, similar to
measurement error pertaining to the exposure variable in the Chapter 2, death outcomes were
likely to be underestimated because deaths outside of NYC (e.g., about 6.5% of annual deaths
among NYC residents according to National Center for Health Statistics) were not captured. This
is likely to bias the estimated association toward the null under the assumption that measurement
error is independent of trajectory groups. Third, even though bias due to unobserved
confounding due to certain measures was examined via sensitivity analyses, there might be other
sources of undetected confounding that moves the relative risk toward the null. Fourth, because
individuals who died during 2001-03 in the cohort were excluded, the estimated RR might be
affected by survivor bias. Even if causes of death and baseline characteristics were similar
between those who died earlier and those retained, the sensitive analysis showed that the
relationship between trajectory groups and drug-related mortality became attenuated and nonsignificant after adding early death cases. With survivor bias, the mortality rate among the
unexposed is usually inflated because the exposed is required to survive to receive a treatment
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such as drugs or surgical procedures; as a result, biased RR is smaller than true one.29 In this
study, the opposite occurred. After early death cases were re-added to the cohort (i.e., potential
survivor bias was accounted for), age-adjusted drug-related mortality among Temporary pattern
(the exposed) increased two fold, whereas Continuously homeless individuals (the unexposed)
experienced five-fold increase. This may reflect the younger ages of early drug-related deaths
among the unexposed, or the study design that actual treatment was not provided to the exposed.
Longer follow-up time is required to determine presence of survivor bias because 1) the
sensitivity analysis result is based on a very small number of drug-related deaths (e.g., death
count increased from one to three when early deaths were added to the Continuously homeless
group); 2) trajectory grouping may not be reliable among early deaths (e.g. 84 early deaths had
two-year exposure time on average, and one extra year would be a sufficient time to have their
trajectory group membership changed). Lastly, two years may not be a sufficient time to assess
mortality risk due to chronic diseases. Long-term health impacts of some trajectories other than
the revolving door pattern may be different from those observed for two immediate years.

Despite these limitations, the study has some important strengths. First, by linking various
trajectories of incarceration/homelessness and mortality outcomes, this study assessed mortality
risk associated with complex transitions among jail incarceration, homelessness, and communitydwelling. In particular, this allowed us to empirically test the structural exposure perspective that
the revolving door pattern contributes to adverse health conditions. Second, the study explicitly
tested and adopted analytic methods to establish causal assumptions from analysis of
administrative data. While causal inference from observational data is fraught with
methodological challenges, these techniques improve the internal validity of measuring the
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unique health burdens associated with longitudinal exposure to jail incarceration/homelessness
beyond individual-level risk factors.

In conclusion, longitudinal exposure to incarceration and homelessness in 2001-03 was
independently associated with mortality risk during two year follow-up period among NYC
adults. In particular, those with sporadic exposure to brief incarceration and homelessness
experienced excess risk of all-cause, drug-related, and HIV deaths. It implies that life disruption
due to brief exposure to these events exerts negative health impacts, providing important
evidence for the structural exposure approach. This finding suggests targeting a group of
individuals based on patterns of incarceration/homelessness for public health interventions to
prevent them from cycling through jails and homeless shelters and promote community linkage
programs for continuity of care.
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Table 3.1.Age-adjusted mortality rates per 100,000 person-years (95% Confidence Interval) in 2004-05 among 194,536 adults who
were incarcerated in New York City jail or sheltered in New York City single adult homeless shelter during 2001-03

All-cause mortality rates per 100,000
in 2004-05

New York City
adults†
826
(816,837)

Total study
population
840
(785,897)

Incarceration &
homelessness
1,086
(911,1288)

Incarceration
only
390
(347,437)

Homelessness
only
1,133
(1036,1238)

222
(216,227)
302
(296,308)
23
(22,25)
14
(13,15)
93
(90,97)
6
(6,7)
9
(8,10)
39
(36,41)
5
(4,6)
8
(7,9)
24
(23,26)
28

179
(153,208)
162
(138,190)
111
(93,132)
96
(79,115)
80
(63,99)
26
(17,39)
25
(19,34)
25
(16,37)
23
(15,35)
22
(14,34)
22
(13,33)
21

238
(154,353)
177
(108,276)
150
(94,233)
174
(115,258)
106
(57,185)
44
(14,108)
21
(10,59)
2
(0,39)
38
(11,96)
14
(1,60)
20
(3,73)
6

55
(38,76)
68
(50,92)
79
(62,101)
72
(54,93)
17
(9,30)
11
(5,23)
31
(22,44)
6
(2,16)
4
(1,13)
11
(4,22)
8
(3,19)
1

279
(230,334)
234
(190,285)
104
(77,138)
77
(55,106)
143
(110,183)
32
(17,55)
4
(1,15)
47
(28,73)
40
(23,64)
34
(19,56)
32
(17,55)
49

Specific causes of death
Malignant neoplasms
Diseases of heart
68

Human Immunodeficiency virus
disease
Drug-related
Other
Viral Hepatitis
Assault (homicide)
Influenza and pneumonia
Mental disorders due to use of alcohol
Chronic liver disease and cirrhosis
Chronic lower respiratory diseases
Diabetes Mellitus

Accidents except drug poisoning
Undetermined intent
Cerebrovascular disease
Intentional self-harm (suicide)

(26,30)
16
(15,18)
3
(3,4)
26
(24,28)
8
(7,9)

(13,31)
14
(9,23)
14
(8,23)
14
(8,23)
8
(4,14)

(1,42)
40
(13,98)
26
(6,79)
16
(2,62)
14
(3,54)

(0,7)
11
(5,22)
7
(3,17)
6
(2,14)
3
(2,9)

(31,75)
8
(3,21)
16
(6,33)
19
(8,38)
16
(7,31)

Notes:†number represents mortality rates among non-incarcerated/non-sheltered NYC residents.
Direct standardization was used to adjust mortality rates according to the age distribution of US adult population in US census 2000.
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Table 3.2. Observed number of deaths and standardized mortality ratios by incarceration/homelessness trajectory groups among
194,536 incarcerated/sheltered adults, New York City, 2004-05

Total

All-cause death
No. of
SMR† 95% CI
deaths
1360
0.19
0.18,0.20

Drug-related death
No. of
SMR† 95% CI
deaths
213
0.65
0.56,0.74

HIV death
No. of
SMR† 95% CI
deaths
234
0.30
0.26,0.34
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Incarceration & homelessness
Temporary
Increasingly incarcerated
Decreasingly incarcerated
Increasingly homeless
Decreasingly homeless
Continuously homeless

144
12
18
20
18
11

1.35
0.80
1.23
0.81
1.24
0.93

1.14,1.59
0.41,1.40
0.73,1.94
0.49,1.25
0.73,1.96
0.47,1.67

33
2
4
6
5
1

4.60
1.95
4.00
3.62
5.10
1.29

3.17,6.46
0.24,7.04
1.09,10.25
1.33,7.87
1.66,11.91
0.03,7.20

29
3
4
2
2
0

1.54
1.06
1.46
0.46
0.77

1.03,2.21
0.22,3.10
0.40,3.74
0.06,1.66
0.09,2.79

Incarceration-only
Temporary
Decreasingly incarcerated
Increasingly incarcerated
Continuously incarcerated

380
65
87
53

0.46
0.52
0.68
0.50

0.42,0.51
0.40,0.66
0.54,0.84
0.38,0.66

66
13
20
16

1.25
1.58
2.37
2.31

0.96,1.58
0.84,2.70
1.45,3.66
1.32,3.75

92
16
20
9

0.73
0.78
0.96
0.51

0.59,0.89
0.45,1.27
0.58,1.48
0.23,0.98

Homelessness-only
Temporary
Decreasingly homeless
Increasingly homeless
Continuously homeless

267
107
83
95

1.20
1.23
1.29
1.34

1.06,1.35
1.01,1.49
1.03,1.60
1.08,1.64

23
5
8
11

2.08
1.31
2.38
3.29

1.32,3.12
0.43,3.07
1.03,4.69
1.64,5.88

35
12
5
5

1.34
1.25
0.59
0.60

0.93,1.86
0.65,2.19
0.19,1.39
0.19,1.40

Abbreviations: CI, confidence interval; SMR, standardized mortality ratio.
Notes: Numbers in bold indicate statistical significance at p <0.05.
†SMR among trajectory groups compared with non-incarcerated/non-sheltered New York City residents, accounting for age, sex,
race/ethnicity, and neighborhood poverty.

Table 3.3. Relative risk from marginal structural cox proportional hazard regression for all-cause,
drug-related, and HIV mortality rates by incarceration/homelessness trajectory groups among
15,620 adults with both jail incarceration and homelessness experiences, New York City, 200405
Trajectory groups
Temporary
Increasingly incarcerated
Decreasingly incarcerated
Increasingly homeless
Decreasingly homeless
Continuously homeless

All-cause death
RR
95% CI
1.91 1.00, 3.68
1.21 0.49, 2.98
1.99 0.88, 4.53
1.27 0.58, 2.78
1.88 0.86, 4.14
Reference

Drug-related death
RR
95% CIc
7.80
1.07, 56.86
3.52
0.32, 38.75
9.86
1.00, 97.30
7.58
0.90, 63.60
8.90
1.04, 76.22
Reference

HIV deathb
RR
95% CI
3.32
1.14, 9.67
3.41

0.95, 12.28
Reference

Abbreviations: CI, confidence interval; RR, relative risk.
Notes: Numbers in bold indicate statistical significance at p <0.05.
Inverse probability of treatment weight was used to control for bias due to confounding.
Potential confounders included age, sex, race/ethnicity, nativity, neighborhood poverty, a proxy
measure of substance use, a proxy measure of mental illness, criminal charges due to drug sales,
violent crimes, weapon possession, public administration, property crimes, quality of life crimes,
and sex crimes.
b
Due to zero HIV cases in the Continuously homeless pattern, three trajectories of homelessness
(Increasingly, Decreasingly, and Continuously homeless patterns) and two trajectories of
incarceration (Increasingly, and Decreasingly incarcerated patterns) were collapsed into
homelessness and incarceration groups, respectively.
c
Wide confidence intervals reflect small number of outcome cases. As seen in Table 2, one drugrelated death occurred among individuals with the Continuously homeless pattern, which was
used as a reference group.
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Table 3.4. External adjustment for all-cause mortality and the revolving door pattern among
15,620 adults with jail incarceration and homelessness, New York City, 2004-05

Binge drinking
IDU

RRCD

PC

OREC

1.40
4.20

0.49
0.27

1.26
0.92

True
RRED
1.00
1.00

PE
0.69
0.69

Apparent
RRED
1.02
0.97

% bias
1.95
-2.79

Notes: Because there was no existing study that measures the revolving door pattern of jail
incarceration and homelessness, I defined exposure as having both jail incarceration and
homelessness experiences among participants of Survey of Jail inmates, 2002. To be consistent
with the reference group in the current study (continuously homeless pattern), I defined nonexposure as having previous and current homelessness experiences among jail inmates.
RRCD = relative risk between confounder and outcome (source: evidence from the literature), PC
= prevalence of confounder in the study population that consists of jail inmates with
homelessness experiences (source: Survey of Jail inmates, 2002), OREC = association between
confounder and exposure (source: Survey of Jail inmates, 2002), PE = prevalence of exposure in
the study population (source: Survey of Jail inmates, 2002), Apparent RRED = confounded
relative risk of all-cause mortality by the revolving door pattern.
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Figure 3.2. Estimated lower bound of 95% confidence intervals of relative risk for all-cause
mortality by the revolving door pattern adjusted for an unobserved confounder (U) among
15,620 adults with jail incarceration and homelessness, New York City, 2004-05

1.4

delta (δ)
0.7

Adjusted RR

1.2

0.8
0.9
1

1

1.1
1.2
0.8

0.6
1

2

3

4

5

gamma

Abbreviations: CI, confidence interval.
Notes: the lower bound of 95% CI of relative risk of all-cause mortality by the revolving door
pattern was 1.00 from Table 3. P(U=1|a=1,x) was arbitrarily set as 0.5.
U = unmeasured confounder; δ = P(U=1|a=1, x) / P(U=1|a=0,x); γ = RR of all-cause mortality
by U.
Key parameters are comparable between this approach and external adjustment (Table 3) such
that U=PC, δ ≈ OREC, γ =RRCD.
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Chapter 4. Three-year trajectories of jail incarceration and homelessness and their
association with retention in HIV care and viral suppression among incarcerated/sheltered
New York City adults living with HIV/AIDS
4.1. Introduction
Maintaining adequate HIV medical care is a critical component of survival for people living with
HIV/AIDS (PLWHA).1,2 Housing stability has been considered to be one of the important
determinants of retention in essential HIV medical care and viral suppression because it helps
PLWHA adhere to routines such as making regular visits to doctors and taking antiretroviral
medications.3 Housing stability may also provide intangible resources such as a stronger social
network and sense of identity, which may motivate individuals to avoid risk behaviors and
follow treatments to maintain health.3 Empirical evidence to support this relationship has been
documented among PLWHA with histories of homelessness. For example, according to selfreported longitudinal data from a representative sample of NYC PLWHA, receiving assistance
for housing problems was positively associated with higher odds of appropriate HIV medical
care.4 Similarly, several studies have reported higher likelihood of adherence to antiretroviral
treatment among stably-housed PLWHA versus their homeless counterparts.5-7 However, despite
high prevalence of HIV among the incarcerated population in the US, this association has rarely
been tested among incarcerated PLWHA; current evidence is mainly concentrated on disrupted
HIV care post release.8-10 Because incarceration is strongly correlated with homelessness, and
because experiences of both events affect housing stability, it is important to take into account
dynamic aspects of incarceration events along with homelessness to improve validity of the
housing stability-continuity of HIV care association. The purpose of this analysis was to examine
whether retention and quality of HIV care was associated with different patterns of
incarceration/homelessness among NYC PLWHA with recent experiences of both jail
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incarceration and homelessness, using a measure that captures timing and sequencing of jail
incarceration and homelessness from sequence analysis. Specifically, the study tested the
hypothesis that frequent transitions between incarceration and homelessness, which suggests
greater housing instability, are associated with lower likelihood of retention in HIV care.

4.2. Methods
4.2.1. Samples
The study population included 1,173 NYC adults who were diagnosed with HIV/AIDS and spent
at least one night in both NYC jail and NYC single adult homeless shelters during 2001-03. The
combined administrative data from NYC jail and NYC single adult shelter registries provided
jail incarceration/shelter use records and baseline demographic and criminal information. From
the matched NYC HIV surveillance registry, data about HIV/AIDS diagnoses, viral loads, and
CD4 counts were obtained for this cohort. The comparison group comprised of nonincarcerated/non-sheltered NYC PLWHA who were diagnosed and alive prior to 2004 from the
NYC HIV surveillance registry.

According to a New York State regulation, all viral load and CD4 test results should be reported
as of June 1, 2005, an expansion of the previous law that required reporting of only detectable
viral load results. This mandatory reporting law has been effective in almost completely
capturing HIV laboratory test results in NYC.11 Because undetectable viral load results (50
copies/ml or less) were missing in the NYC HIV surveillance data before this regulation, the
study used the one-year period between June 2005 and June 2006, as opposed to 2004-05 years,
to obtain HIV care outcomes.
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4.2.2. Study variables
Two primary outcome variables were examined in this analysis: (1) retention in HIV medical
care and (2) viral load suppression.2 Retention in HIV medical care was established if there were
at least two viral load or CD4 tests during June 2005-June 2006, which were ≥90 days apart.1
Viral load suppression was defined as being achieved if there was at least one record with a viral
load of <400 copies/ml during the 12-month period.2 The viral load suppression outcome was
calculated only for those with viral load test results (N= 698).

The exposure variable was defined using group-based trajectories of jail
incarceration/homelessness. In NYC, PLWHA experiencing homelessness have a legal right to
obtain permanent housing and rental assistance through the NYC HIV/AIDS Services
Administration. Instead of using trajectory groups from Chapter 2, I re-ran sequence analysis to
identify trajectories that might be unique to NYC PLWHA with recent jail incarceration and
homelessness that represented 8% of the original cohort, which could have been collapsed within
more general patterns in the study cohort. Detailed analytic steps of sequence analysis were
described in the method section of Chapter 2. Potential confounders for exposure-outcome
association were identified by constructing a DAG specific for this analysis.12 These included
baseline demographic (age, sex, race/ethnicity, neighborhood poverty) and behavioral
characteristics (proxy substance use), type of criminal charges, proxy prior mental health
conditions, age of HIV diagnoses, and stage of HIV infection (HIV or AIDS). Similar to the
mortality analysis in Chapter 3, to be eligible for this analysis, one had to survive after 2001-03
to be included in the study cohort, and censoring death cases could potentially act as a collider.
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However, this potential bias was unlikely because no actual death in the study cohort occurred
during 2001-03 according to a review of the NYC HIV surveillance registry data. A small
number of deaths were identified during the follow-up time and these were reflected in the
person-years calculation. For deaths, the midpoint of the year of death (e.g., July 1, 2004) was
assigned, or 0.5 person-years for deaths in 2004 (N=33), and 1.5 person-years for deaths in 2005
(N=41), while 2.5 person-years were assigned to those who survived during the follow-up period
or died in 2006.

4.2.3. Statistical analysis
First, descriptive statistics of baseline characteristics and HIV care outcomes were summarized
across trajectory groups of incarceration and homelessness. Bivariate association between each
of these characteristics and trajectory groups were evaluated using chi-square test for categorical
variables or independent t-test with bonferroni adjustment for continuous variables. Then,
marginal structural log-linear Poisson regression analysis with an offset of person-years was
performed to estimate adjusted relationships between trajectories of jail
incarceration/homelessness and HIV care outcomes. As described in Chapter 3, a stabilized
inverse probability of treatment weight (IPTW) was derived from a propensity score model using
trajectory groups (dependent variable) and baseline demographic, behavioral, and criminal
characteristics (independent variables). Estimates from marginal structural modeling were
weighted using IPTW, ensuring that weighted data met the assumptions for exchangeability
(balanced baseline characteristics across trajectory groups; Appendix IV), positivity (tightly
distributed IPTW with one as a mean value; Appendix V), and stable unit treatment value
(adjusting for poverty levels of neighborhood residency to address potential data dependency
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among some study subjects).13-15 A sandwich estimator for variance and a corresponding p-value
were calculated because it was robust against model misspecification.14

Missing data and imputation
Multiple imputations via IVEware software16 were performed to address missing data using the
whole study population (sex, race/ethnicity: 1% missing, nativity: 1% missing excluding
homelessness-only population; neighborhood poverty: 25% missing excluding homelessnessonly population), which generated five imputed datasets. A subset of PLWHA was then recreated and combined results of five estimates were reported according to Schafer’s approach,
which accounts for within- and between-imputation variability.17

Sensitivity analyses
Because the study did not collect information about behavioral and clinical characteristics
associated with retention in HIV care or viral suppression (e.g., IDU), causal estimates from
marginal structural modeling were potentially biased due to unobserved confounding. To address
this issue, the study assessed the extent to which causal estimates might be influenced by bias
due to unobserved confounding by performing the sensitivity analysis proposed by VanderWeele
and Arah.18 However, unlike Chapter 3, the external adjustment method could not be used
because of lack of existing public data that represented the population with both HIV/AIDS and
jail incarceration/homelessness in the US.19

Along with the sensitivity analysis for unobserved confounding, all the analyses were repeated
using NYC PLWHA with homelessness-only and those with incarceration-only. Because NYC
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PLWHA staying at shelters during 2001-03 were likely to receive housing assistances and
benefits through effective NYC DHS referral system to HIV/AIDS Services Administration (i.e.,
immediately referring self-identified PLWHA to emergency single room occupancy units),20 a
particular trajectory of homelessness might also represent differential housing instability;
associations between trajectories and continuity of HIV care among those with both incarceration
and homelessness would be replicated in this population. For NYC PLWHA incarcerated or
recently released from NYC jails, various housing services were also available. Yet, transition
from jail to the housing was reported to be less organized and effective than that from shelters
during 2001-03,21 which could generate a unique association between trajectories of
incarceration and continuity of HIV care.

All the analyses except for sequence analysis (R 2.14.2) and imputation (IVEware) were
performed using SAS 9.2 software (Cary, NC). Statistical significance was established if two
sided p-value <0.05.

4.3. Results
The majority of 1,173 individuals living with HIV/AIDS who were incarcerated in NYC jail and
spent at least one night at NYC single adult shelter during 2001-03 were male (84%), aged 18-44
years (82%), and non-Hispanic black or Hispanic (95%) (Table 4.1). This population, compared
with non-incarcerated/non-sheltered NYC PLWHA, was disproportionately male (84% vs. 69%)
and non-Hispanic black (65% vs. 45%). In contrast, the percent of non-Hispanic whites (4% vs.
21%) and residents living in the medium poverty neighborhood (14% vs. 29%) was much
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smaller in the study cohort relative to non-incarcerated/non-sheltered NYC PLWHA, while age
distribution and stage of HIV infection were similar between two groups.

Figure 4.1 shows that jail incarceration and homelessness events over 2001-03 were best
represented by five unique trajectories, and this cluster solution was determined to be optimal
(Table 4.2). Among 1,173 PLWHA experiencing both jail incarceration and homelessness in
2001-03, 67% (N=782; Temporary) had sporadic experiences of brief jail incarceration and
shelter stays over three years. About 13% of the study cohort exhibited trajectories characterized
by shelter use patterns; one group spent extensive amounts of time in shelters (average 456 days)
without much interruption, classified as Continuously homeless pattern (N=93), and the other
had continuous shelter stays during earlier months followed by community-dwelling
(Decreasingly homeless; N=56). The last two trajectory patterns included adults who were
increasingly incarcerated during later months (Increasingly incarcerated; N=116) and those
who had early incarceration events, followed by community-dwelling with sporadic
incarceration (Decreasingly incarcerated; N=126).

Individuals with Continuously homeless pattern were older than those in other groups, while
those with Decreasingly incarcerated pattern had a greater proportion of females (Table 4.1).
Race/ethnicity, nativity, and neighborhood poverty appeared to be independent of trajectory
groups. Approximately half of the study cohort across all trajectory groups had an indication of
substance use, while prevalence of serious mental illness was highest in the Continuously
homeless group. Individuals charged with drug possession, drug sales, property, and violent
crimes were more likely to exhibit the Increasingly incarcerated trajectory compared to those
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with other criminal charges. Age at HIV diagnoses and stage of HIV infection were similar
across trajectory groups.

Among the study cohort, 48% had at least two HIV lab tests for viral load or CD4 counts, which
were three months or greater apart during one-year follow-up time (Table 4.3). Prevalence of
successful retention in HIV care was similar across all trajectory groups, ranging from 44% to
52%. When non-incarcerated/non-sheltered NYC PLWHA who were diagnosed with HIV and
survived prior to 2004 were examined as a comparison group, a similar pattern was identified: 50%
experienced retention in HIV care. During June 2005-June 2006, about 50% of the study cohort
had viral load tests reported to the NYC HIV registry. Of these, 47% experienced viral
suppression; prevalence of viral suppression was highest among individuals who stayed in
shelters during the early months and dwelled in the community afterwards (Decreasingly
homeless). During the same period, higher prevalence of viral suppression was observed among
non-incarcerated/non-homeless NYC PLWHA (66%).

The marginal structural regression analysis shows that trajectories of jail incarceration and
homelessness in 2001-03 were not significantly associated with prevalence of HIV care retention
in June 2005-June 2006 (Table 4.4). Among NYC PLWHA who had viral load records and
recent histories of jail incarceration and homelessness, those with Temporary relative to
Decreasingly homeless patterns had 0.71 times lower prevalence of viral suppression during the
same one-year period (95% Confidence Interval (CI) = 0.54, 0.93).
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Results from the sensitivity analysis in Figure 4.2 show how the upper bound of 95% CI for the
prevalence ratio for viral suppression could be affected by adjusting for unobserved confounding.
As long as association between unobserved behaviors and viral suppression were greater than 1,
δ > 1 (i. e. , prevalence of unobserved behaviors among individuals with Temporary pattern is
higher than that among those with Decreasingly homeless pattern) would have moved the upper
bound of 95% CI away from 1. On the other hand, if particular behaviors among individuals with
Temporary relative to Decreasingly homeless patterns were 20% less prevalent (δ = 0.8) and
association between these unobserved behaviors and viral suppression were strong (PR ≥ 2 or γ ≥
2), the estimated prevalence ratio would have been insignificant.

Another sensitivity analysis showed that each of incarceration-only and homelessness-only
populations with HIV/AIDS had four unique trajectories similar to those among the whole
populations (Figure 4.3; Figures 2.3 and 2.4 in Chapter 2). Overall 45% of these two populations,
similar to that of the study cohort, experienced retention in HIV care during the one-year followup time. Of those with any viral records, 48% (incarceration-only) and 54% (homelessness-only)
had at least one lab test result of viral suppression (Table 4.5). The marginal structural regression
analysis showed that among homelessness-only PLWHA the Temporary relative to
Decreasingly homeless patterns had 0.77 times lower prevalence of retention in care during the
same one-year period (95% CI = 0.65, 0.90; Table 4.6). In contrast, the Temporary pattern of
incarceration in 2001-03, as opposed to the Decreasingly incarcerated pattern, was significantly
associated with higher prevalence of HIV care retention among incarceration-only PLWHA
(Table 4.7). Unlike the study cohort, prevalence of viral suppression was not associated with
trajectories among the incarceration-only and homelessness-only populations.
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4.4. Discussion
In this study, almost half of NYC adults living with HIV/AIDS who were sheltered and
incarcerated in 2001-03 experienced retention in care during the one-year follow-up period. This
percentage was similar between the incarcerated/homeless study cohort and nonincarcerated/non-sheltered NYC PLWHA who were diagnosed and alive prior to 2004. Unlike
retention in HIV care, however, overall prevalence of viral suppression among those with viral
load records was much lower among the incarcerated/homeless study cohort relative to nonincarcerated/non-sheltered NYC PLWHA, indicating relatively poor adherence to HIV treatment
in the study population.

Similar to the finding in Chapter 2, a majority of the study cohort experienced brief bouts of jail
incarceration and homelessness in 2001-03, and a minority was more consistently incarcerated or
sheltered throughout the period of early or late months. Those who sporadically experienced
brief jail incarceration and homelessness in 2001-03 were less likely to experience viral
suppression during the one-year follow-up period compared with those who left homeless
shelters during early months and persistently stayed in the community, whereas trajectory groups
were independent of retention in HIV care.

The null association between trajectories of incarceration/homelessness and retention in HIV
care did not support the hypothesis that frequent transitions of short-term jail incarceration and
homelessness are associated with lower likelihood of continuity of care than a pattern of
persistent homelessness or incarceration. This lack of variability, coupled with similar
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prevalence of retention in care between the study cohort and non-incarcerated/non-sheltered
NYC PLWHA, implies that those with incarceration and homeless events were able to receive
HIV care with recommended intervals. Since affordable HIV medical services and various social
services were widely available through the Ryan White program and promoted in NYC
neighborhoods, jails, and homeless shelters, experiencing life disruption due to jail incarceration
and homelessness might not act as a barrier to making medical visits for those connected to
care.11

Unlike retention in care, prevalence of viral suppression significantly differed by trajectories of
incarceration and homelessness. This implies that adequate adherence to treatment might be
worse among a group of PLWHA with sporadic exposure to brief jail incarceration and
homelessness, compared with those who left shelters during early months and persistently stayed
in the community afterwards. Given that access to permanent housing and services was available
to NYC PLWHA, this positive finding among the reference group might result from effective
case management that assisted them in adhering to HIV treatment regimens, which has
previously been found beneficial.4 Another possible mechanism is that being persistently out of
shelter and jail is indicative of housing stability, creating a positive psychological influence on
following medical treatments.3 Data about housing and case services are warranted to test which
mechanism is more probable.

The study finding supported the earlier interpretation that excess risk of HIV mortality associated
with Temporary pattern is a manifestation of disruptions to HIV treatment due to transitions
between jails and shelters. In the current study, viral suppression may act as a mediator of the
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Temporary pattern-HIV mortality association. Sporadic experiences of brief jail incarceration
and homelessness, as opposed to undisrupted community-dwelling, may contribute to elevating
HIV mortality risk among NYC PLWHA with recent incarceration and homelessness by creating
environments where essential HIV cares and adherence get disrupted. Future studies that link
mortality data with HIV surveillance registry data are warranted to further explore and test
mechanisms that explain excess HIV mortality risk associated with a pattern of sporadic
exposure to brief jail incarceration and homelessness.

The sensitivity analysis showed that the overall association between trajectory groups and HIV
continuity of care outcomes among the study cohort was not replicated in incarceration-only and
homelessness-only PLWHA. While we observed no association between trajectories groups and
retention in care among those in the main cohort, homelessness-only PLWHA who initially
stayed in shelters then remained shelter-free (Decreasingly homeless pattern), compared with
those with Temporary pattern, were more likely to be retained in care. In contrast,
incarceration-only PLWHA with Decreasingly incarcerated pattern was least likely to have
HIV care retained. It is possible that homelessness-only PLWHA who left shelters after brief
stays, as opposed to prolonged stays, are less likely to get connected to the well-established
housing services/programs.20 For incarceration-only PLWHA, as a recent paper pointed out,21
transition to stable community-dwelling from jail stays appeared to be more challenging than
that among homelessness-only PLWHA during early 2000s, which could disrupt continuity of
HIV care. For the main cohort, the null finding implies that staying in two different institutions
increases chances for lab tests. In addition, unlike the main finding where prevalence of viral
suppression significantly differed by trajectories, viral suppression was not associated with
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homelessness or incarceration patterns in these populations. Proportions of incarceration-only
(44%-58%) and homelessness-only PLWHA with any viral load records (59%-61%) were
smaller than those in the main study cohort (58%-73%). Lack of variability of viral suppression
experiences in these populations, coupled with these lower percent of having any viral load
records, might reflect selection bias towards those with a high likelihood of adhering to HIV
treatment. More detailed baseline data are warranted to test evidence of this selection bias.

This study has some limitations. First, there were limited data about demographic, behavioral,
and clinical characteristics of PLWHA who were both incarcerated and sheltered. Individuals
with Temporary pattern may be more likely to have high risk profiles than those with
Decreasingly homeless pattern, or high risk profiles may be less prevalent among those with
Temporary relative to Decreasingly homeless patterns. Depending on the direction of
unobserved confounding between these patterns, the relationship between viral suppression and
Temporary pattern could be biased either toward or away from the null, as seen in the
sensitivity analysis. For example, suppose that 50% of individuals with Temporary pattern are
non-injecting drug users. If the percent of non-injecting drug users among Decreasingly
homeless individuals were 63% and non-injecting drug users were two times or higher more
likely to experience viral suppression, Temporary versus Decreasingly homeless pattern would
have been no longer significantly associated with viral suppression. Second, data about housing
and housing services were not collected. Even though homeless PLWHA in NYC have a legal
right to be housed, being out of shelter and jail does not necessarily mean being stably housed in
the community. Lastly, viral suppression was defined as <400 copies/ml, which is different from
a current US Department Health and Human Services guideline (≤ 200 copies/ml).22 Due to
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confidential concerns, raw viral suppression records were not provided and were dichotomized at
400 copies/ml, which was a widely adopted definition of viral suppression during mid-2000s.
Additionally, association between trajectory groups and viral suppression was only assessed
among those with at least viral load tests. If having any viral load tests were dependent of
particular characteristic, selection bias could not be ruled out.

Despite these limitations, a main strength of the study is the use of a measure that captured
dynamic aspects of jail incarceration and homelessness, potentially reflecting differing levels of
housing instability. In addition, use of IPTW allowed for explicitly testing causal assumptions,
further strengthening internal validity of the finding. Lastly, administrative data provided almost
complete coverage of HIV care information provided to PLWHA in NYC.

In conclusion, sporadic exposure to brief jail incarceration and homelessness, relative to
undisrupted community-dwelling after persistent shelter stays, was negatively associated with
viral suppression among NYC PLWHA with recent incarceration and homelessness events. The
study suggests that life disruption due to jail incarceration and homelessness does not appear to
introduce additional barriers to receiving HIV care at recommended intervals but may exert
negative physical and psychological influences on adhering to HIV treatment or receiving quality
care, which is in turn related with low quality of life and survival. It also highlights the success
of the reference group (i.e., high prevalence of viral suppression) who might experience stable
community-dwelling for a relatively longer period. This finding justifies public health actions for
housing stability through proactive case management and affordable housing options among
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incarcerated and sheltered PLWHA in order to reduce risk of adverse health conditions and
premature death.
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Table 4.1. Demographic and criminal characteristics by five trajectory groups among 1,173 adults living with HIV/AIDS who were
incarcerated in New York City jail and spent at least one night at New York City single adult shelter in 2001-2003

Total
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NYC
PLWHA§

Total

Temporary

Increasingly
incarcerated

Decreasingly
incarcerated

Decreasingly
homeless

Continuously
homeless

82,896

1,173

782

116

126

56

93

3

2

6

4

3

2

112

61

395

234

69

58

51

35

121

109

30

28

6

3

6

4

9

23

78

32

50

43

230

456

14

8

9

13

58

41

3%
15%
40%
30%
12%

5%
22%
50%
20%
3%

4%
23%
50%
20%
3%

7%
22%
53%
18%
0%

7%
22%
51%
17%
3%

5%
18%
59%
18%
0%

6%
15%
47%
28%
4%

69%
31%

84%
16%

85%
15%

86%
14%

76%
24%

84%
16%

87%
13%

21%
45%

4%
65%

4%
63%

5%
72%

3%
63%

2%
79%

5%
71%

Exposure in 2001-03
Average # of incarceration
events
Average days in jail
Average jail days per
incarceration
Average # of shelter use
events
Average days in shelters
Average shelter days per
shelter event
Age as of 6/30/2002†
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex††
Male
Female
Race/ethnicity††
Non-Hispanic white
Non-Hispanic black
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Hispanic
Asian
Others/unknown
Nativity††
United States born
Foreign born
Neighborhood poverty
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Missing
Types of criminal charges
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes

32%
1%
1%

30%
0%
1%

32%
0%
1%

22%
0%
1%

32%
0%
2%

20%
0%
0%

23%
0%
1%

62%
13%

93%
7%

93%
7%

94%
6%

94%
6%

98%
2%

89%
11%

5%
29%
14%
40%
11%

3%
14%
9%
42%
32%

3%
14%
9%
43%
32%

4%
16%
8%
43%
28%

2%
15%
13%
40%
31%

2%
11%
11%
38%
39%

4%
16%
9%
31%
40%

54%
27%
27%
31%
55%
3%
7%
2%

42%
24%
24%
28%
40%
3%
7%
2%

67%
37%
46%
43%
68%
5%
7%
3%

50%
44%
35%
36%
52%
2%
9%
3%

43%
23%
20%
36%
52%
0%
7%
0%

46%
27%
31%
29%
44%
3%
6%
5%

48%
3%

44%
2%

68%
3%

52%
3%

54%
2%

52%
9%

9%
84%
7%

9%
84%
7%

11%
86%
3%

10%
80%
10%

4%
89%
7%

7%
85%
8%

Substance use¶
Serious mental illness¶
Age at HIV diagnosis
13-24 years
25-49 years
50+ years

9%
81%
10%

Stage of HIV infection
Early (HIV only)
Late (HIV/AIDS)

96%
4%

97%
3%

97%
3%

98%
2%

97%
3%

96%
4%

95%
5%

Notes: Bivariate associations between trajectory groups and criminal charges with drug possession, drug sales, violent crimes, property crimes, or public
administration were statistically significant. Also, bivariate associations between trajectory groups and proxy measure of substance use or proxy measure of
serious mental illness were statistically significant.
Average numbers of homelessness events were significantly different across trajectory groups except for Decreasingly incarcerated vs. Increasingly incarcerated
and Temporary vs. Decreasingly incarcerated patterns.
Average numbers of jail days or incarceration events were significantly different across trajectory groups except for Temporary vs. Continuously homeless,
Temporary vs. Decreasingly homeless, and Continuously homeless vs. Decreasingly homeless patterns.
Average numbers of homelessness days were significantly different across trajectory groups except for Temporary vs. Increasingly incarcerated, Temporary vs.
Decreasingly incarcerated, and Increasingly incarcerated vs. Decreasingly incarcerated patterns.
§Non-incarcerated/non-sheltered NYC residents living with HIV/AIDS.
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†Because age was calculated at the end of year according to NYC HIV registry and raw birthdate information was not available, age of nonincarcerated/non-sheltered PLWHA was as of 12/31/2002.
††Because a small % of missing data (sex: 1%, race/ethnicity: 1%, nativity: 1%) in the study cohort were not included, sum of these numbers were not matched
up with total numbers of individuals. For non-incarcerated/non-sheltered PLWHA, % of missing data were much greater than that among the study cohort.
¶Proxy measures were used to capture substance use and prior severe mental illness conditions.

Table 4.2. Mean within and between cluster distance ratios
Cluster
number
2
3
4
5
6

Mean w/mean b

Δw/b

0.526
0.502
0.495
0.487
0.483

-0.024
-0.007
-0.008
-0.004

Abbreviations: w = within-distance; b = between-distance; Δw/b = change in mean w/mean b
The optimal solution should meet two criteria: 1) mean within-distance/between-distance ratio <
0.50; 2) large decrease in mean within-distance/between distance ratio by increasing an
additional cluster. Numbers in bold indicate the optimal solution according to these thresholds.
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Figure 4..1. Five non--overlapping
g groups of jail incarceraation/homeleessness trajecctories accorrding
to sequen
nce analysis among 1,17
73 adults living with HIV
V/AIDS whoo spent at leaast one nightt in a
New Yorrk City jail and
a at least one
o night at a New York City single adult homelless shelters in
2001-200
03
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Table 4.3. Percentages of retention in HIV care and viral suppression by trajectory groups among
adults living with HIV/AIDS with recent experiences of jai incarceration and homelessness, New
York City, June 2005-June 2006

Non-incarcerated/nonsheltered NYC PLWHA
The study population
Temporary
Increasingly incarcerated
Decreasingly incarcerated
Decreasingly homeless
Continuously homeless

Viral suppression
N in samples†
% of viral
suppression
49,105
68%

N

% of retention in
HIV care

82,896§

50%

1,173

48%

698

47%

782
116
126
56
93

48%
48%
44%
52%
51%

457
68
73
41
59

47%
37%
45%
59%
54%

Notes: †individuals who had at least one viral suppression visit during June 2005-June 2006.
§Non-incarcerated/non-sheltered NYC PLWHA who were diagnosed and alive before 1/1/2004.
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Table 4.4. Prevalence ratio for retention in HIV care and viral suppression by trajectory groups
among 1,173 adults living with HIV/AIDS with recent experiences of jai incarceration and
homelessness, New York City, June 2005-June 2006

Trajectory groups
Temporary
Increasingly incarcerated
Decreasingly incarcerated
Continuously homeless
Decreasingly homeless

Retention in HIV care
PR
95% CI
0.92
0.66, 1.29
0.93
0.62, 1.41
0.88
0.59, 1.31
0.95
0.63, 1.41
Reference

Viral suppressiona
PR
95% CI
0.71
0.54, 0.93
0.74
0.49, 1.11
0.72
0.49, 1.04
0.83
0.57, 1.20
Reference

Abbreviations: CI, confidence interval; PR, prevalence ratio.
Notes: Prevalence ratio was estimated from log-linear Poisson models. Numbers in bold indicate
statistical significance at p <0.05.
Inverse probability of treatment weight was used to control for bias due to confounding.
Potential confounders for the model for retention in HIV care included age, sex, race/ethnicity,
nativity, neighborhood poverty, a proxy measure of substance use, a proxy measure of mental
illness, criminal charges due to drug sales, violent crimes, weapon possession, public
administration, property crimes, quality of life crimes, sex crimes, ages of HIV diagnoses, and
stage of HIV infection. The same sets of potential confounders except for criminal charges due to
weapon possession were used for the model for viral suppression.
a
Restricted to the study cohort with viral suppression test records in June 2005-June 2006.
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Figure 4.2. Estimated upper bound of 95% confidence intervals of prevalence ratio for viral
suppression by the Temporary pattern adjusted for an unobserved confounder (U) among 1,173
PLWHA with jail incarceration and homelessness, New York City, June 2005-June 2006
1.4

delta
0.7

Adjusted PR

1.2

0.8
0.9

1

1
1.1
1.2

0.8

1.3
1.4

0.6
1

2

3

4

5

gamma

Abbreviations: CI, confidence interval.
Notes: the upper bound of 95% CI of prevalence ratio of viral suppression by Temporary pattern
was 0.93 from Table 3. P(U=1|a=1,x) was arbitrarily set as 0.5.
U = unmeasured confounder; δ = P(U=1|a=1, x) / P(U=1|a=0,x); γ = PR of viral suppression
by U.
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Figure 4..3. Four non--overlapping
g groups of jail
j incarceraation trajectoories and fouur nonoverlapping groups of
o homelessn
ness trajectorries accordinng to sequennce analysis among 7,8400
adults liv
ving with HIV/AIDS wh
ho were incarcerated in New York City jails annd did not sttay in
New Yorrk City singlle adult sheltters in 2001--2003, and 1 ,249 adults lliving with H
HIV/AIDS w
who
stayed in
n New York
k City singlee adult sheltters and werre not incarcerated in Neew York Cityy
jails in 20
001-2003, reespectively
a. 7,840 incarceeration-only PLWHA
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b. 1,240 homeleessness-only PLWHA
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Table 4.5. Percentages of retention in HIV care and viral suppression by trajectory groups among
adults living with HIV/AIDS with jail incarceration only and homelessness only, New York City,
June 2005-June 2006
N

% of retention in
HIV care

Incarceration-only population
Temporary
Increasingly incarcerated
Continuously incarcerated
Decreasingly incarcerated

7840
5936
1375
187
342

45%
47%
43%
39%
30%

Homelessness-only population
Temporary
Increasingly homeless
Continuously homeless
Decreasingly homeless

1249
1009
51
39
150

45%
43%
53%
46%
55%

Viral suppression
N in samples†
% of viral
suppression
4505
48%
3455
49%
792
45%
109
45%
149
52%
674
531
29
22
92

54%
52%
55%
55%
61%

Notes: †individuals who had at least one viral suppression visit during June 2005-June 2006.
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Table 4.6. Prevalence ratio for retention in care and viral suppression during June 2005 through
June 2006 by trajectory groups among 1,249 adults living with HIV/AIDS who stayed in New
York City single adult shelters and were not incarcerated in New York City jails in 2001-2003
Trajectory groups
Temporary
Increasingly homeless
Continuously homeless
Decreasingly homeless

Retention in care
PR
95% CI
0.77
0.65, 0.90
0.94
0.62, 1.41
1.06
0.74, 1.53
Reference

Viral suppression
PR
95% CI
0.86
0.71, 1.05
0.55
0.21, 1.46
0.89
0.55, 1.45
Reference

Abbreviations: CI, confidence interval; PR, prevalence risk.
Notes: Prevalence ratio was estimated from log-linear Poisson models. Numbers in bold indicate
statistical significance at p <0.05.
Inverse probability of treatment weight was used to control for bias due to confounding.
Potential confounders for the model for year-specific viral suppression included age, sex,
race/ethnicity, a proxy measure of substance use, and stage of HIV infection.
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Table 4.7. Prevalence ratio for retention in care and viral suppression during June 2005 through
June 2006 by trajectory groups among 7,840 adults living with HIV/AIDS who were
incarcerated in New York City jails and did not stay in New York City single adult shelters in
2001-2003
Trajectory groups
Temporary
Increasingly incarcerated
Continuously incarcerated
Decreasingly incarcerated

Retention in care
PR
95% CI
1.63
1.36, 1.97
1.43
1.17, 1.73
1.48
1.08, 2.04
Reference

Viral suppression
PR
95% CI
0.89
0.75, 1.06
0.85
0.70, 1.03
0.97
0.70, 1.34
Reference

Abbreviations: CI, confidence interval; PR, prevalence risk.
Notes: Prevalence ratio was estimated from log-linear Poisson models. Numbers in bold indicate
statistical significance at p <0.05.
Inverse probability of treatment weight was used to control for bias due to confounding.
Potential confounders for the model for year-specific viral suppression included age, sex,
race/ethnicity, nativity, neighborhood poverty, a proxy measure of substance use, a proxy
measure of mental illness, criminal charges due to drug sales, violent crimes, public
administration, property crimes, quality of life crimes, sex crimes, ages of HIV diagnoses, and
stage of HIV infection.
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Chapter 5. Discussion

5.1. Overview of the dissertation
This retrospective cohort study of incarcerated/sheltered NYC adults aimed to create a
longitudinal measure of exposure to jail incarceration and homelessness that reflected timing and
sequencing of these events, and to test whether a particular trajectory contributes to risk of
mortality or discontinuity of HIV care. Monthly experiences of jail incarceration, homelessness,
and community-dwelling over three years were summarized into group-based trajectories using
sequence analysis. For each trajectory group, baseline demographic, behavioral, and criminal
characteristics were described. Then, the study examined associations between trajectories of jail
incarceration/homelessness and risk of all-cause, drug-related, and HIV deaths during the
subsequent two years. The study further focused on the sub-set of the study cohort living with
HIV/AIDS, and tested whether trajectories of incarceration/homelessness were associated with
retention in HIV care and viral suppression. In the following section, the main findings and
interpretations are summarized.

5.2. Summary of the findings
5.2.1. Chapter 2
Analysis of NYC adults with histories of both jail incarceration and homelessness during 200103 identified this group to be predominantly minority males aged to 25 to 44 years from poor
NYC neighborhoods. This study cohort was sociodemographically similar to the population that
only experienced incarceration in NYC jails during the same period,1 except for a higher
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prevalence of substance use and property crimes. Compared with the NYC homeless population
with no history of jail incarceration, the study cohort was disproportionately younger and male.

Sequence analysis identified six trajectory groups of incarceration/homelessness in 2001-03. A
majority of the study cohort spent most time outside of jail and shelters and sporadically
experienced brief jail incarceration and shelter stays. The remaining 40% had mixed experiences
of homelessness and incarceration in various lengths and frequencies. Sporadic experiences of
incarceration and homelessness with brief stays (denoted as the Temporary pattern), as opposed
to the other patterns with persistent jail or shelter stays, appeared to be most consistent with the
concept of the revolving door pattern, although the actual frequencies of incarceration or
homelessness events were small and the majority of time of these individuals was spent in the
community. Sporadic exposure to incarceration and homelessness can generate life disruption,
leading to elevated stress levels and interrupting continuity of essential health care. Another
possible mechanism is that individuals with the Temporary pattern are neither stable and
established in the community nor likely to benefit in a stable fashion from health care services in
jails or shelters and receive proper discharge plans than those who stayed longer in these
institutions.

For the purpose of the comparison, trajectories of incarceration or homelessness were also
examined for NYC adults with jail incarceration-only and those with homelessness-only during
2001-03. In both populations, four trajectory groups were identified and a majority exhibited the
Temporary pattern. Within similar trajectory groups across incarcerated or sheltered NYC
populations, short and frequent experiences of incarceration or homelessness appeared to be
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more common among the study cohort who had dual exposures relative to single exposure. In
addition, among the subset of incarcerated people with the Temporary trajectories, particular
criminal characteristics such as property crimes and drug possession were more prevalent among
those with both experiences as opposed to incarceration-only. High prevalence of property
crimes may indicate material deprivation or financial stresses in this population,2 but it may also
reflect disruptive behaviors resulting from substance use or mental illness.

5.2.2. Chapter 3
During 2004-05, the age-adjusted all-cause mortality rate among NYC adults who were both
incarcerated and sheltered in 2001-03 was similar to that among homelessness-only population,
but higher than in incarceration-only population. Focusing on the incarcerated and homeless
population, mortality risk during 2004-05 was estimated for each of six trajectory groups of
incarceration and homelessness, which were identified in Chapter 2. The SMR analysis found
that all-cause mortality risk of the study cohort with sporadic exposure to brief jail incarceration
and homelessness (i.e., Temporary pattern) was significantly higher than that of nonincarcerated/non-sheltered NYC adults of the same age, sex, race/ethnicity, and neighborhood
poverty (SMR = 1.35). The SMRs for drug-related and HIV deaths among individuals with the
Temporary pattern were 4.60 and 1.54, respectively. Compared with non-incarcerated/nonsheltered NYC adults, excess risk of drug-related deaths was also observed in the other
trajectories except for one group with persistent shelter stays without much disruption
(Continuously homeless) and the other with incarceration during later months (Increasingly
incarcerated), whereas there was no significant difference in risk of all-cause and HIV mortality
between the other trajectory groups and non-incarcerated/non-sheltered NYC adults. Similarly,
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after balancing out differences in baseline covariates across six trajectory groups, the
Temporary versus Continuously homeless patterns was associated with the elevated risk of allcause, drug-related, and HIV deaths.

Excess risk of all-cause mortality among incarcerated & sheltered adults with the Temporary
pattern may indicate health burdens attributed to the revolving door pattern. One possible
mechanism is that disruption of quality medical care due to transitions from brief incarceration or
homelessness to community-dwelling exerts negative influences on health conditions. It may
also explain the association between the Temporary pattern and high risk of HIV death because
continuity of antiretroviral care is critical for survival among people living with HIV/AIDS.3
This mechanism is further discussed in the summary of Chapter 4 below.

Compared with non-incarcerated/non-sheltered NYC residents, all trajectory groups except for
Increasingly incarcerated and Continuously homelessness patterns were associated with
excess risk of drug-related death. Individuals who were incarcerated during later months or
consistently stayed in homeless shelters in 2001-03 were more likely to remain incarcerated or
sheltered during subsequent two years, which might decrease circumstances to use drugs. Unlike
drug-related death, risk of HIV death was not elevated among NYC adults who had
incarceration/homelessness sustained for certain time points. During uninterrupted stays, they
might benefit from medical services or referrals offered in shelters or jail. Indeed, data in
Chapter 4 support this interpretation as retention in care was comparable to that among nonincarcerated/non-sheltered NYC PLWHA. However, prevalence of viral suppression among the
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study cohort living with HIV/AIDS was lower than NYC prevalence, implying that receiving
regular care did not necessarily mean receiving quality care nor adhering to HIV treatment.

5.2.3. Chapter 4
Among the study cohort, 1,173 were diagnosed with HIV/AIDS prior to 2004. Nearly half of
these individuals experienced retention in care during June 2005-June 2006. This percentage was
comparable to that of non-incarcerated/non-sheltered NYC PLWHA who were diagnosed and
alive prior to 2004. Unlike continuity of HIV care, overall prevalence of viral suppression was
much lower among the study cohort with viral suppression records relative to nonincarcerated/non-sheltered NYC PLWHA.

Similar to the finding in Chapter 2, a majority of the study cohort living with HIV/AIDS
sporadically experienced brief jail incarceration and homelessness in 2001-03, while the rest was
more persistently incarcerated or sheltered for early or late months. This measure was
independent of retention in HIV care, but significantly associated with viral suppression during
the one-year follow-up time. Specifically, those with Temporary versus Decreasingly homeless
patterns had 0.71 times lower prevalence of viral suppression.

The null association between trajectory groups and retention in HIV care implies that the study
cohort would be able to receive HIV care at recommended intervals. Since affordable HIV
medical services and various social services were available and easily accessible at many
different settings in NYC including jails, shelters, and deprived neighborhoods, experiencing life
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disruption due to jail incarceration and homelessness might not act as a barrier to medical visits
for those connected to care.4

The significant association between prevalence of viral suppression and Decreasingly homeless
pattern implies that those who left shelters early months and persistently stayed in the
community afterwards were more likely to experience viral suppression, which might result from
receiving quality HIV care or adequately adhering to treatment. In contrast, adequate adherence
to antiretroviral treatment might not be achieved among a group of PLWHA whose communitydwelling was sporadically disrupted by incarceration and homelessness. Given well-established
access to permanent housing and housing services for NYC PLWHA, this result may be further
attributed to effective case management.5 It also indicates a potential psychological influence of
housing stability on complying with medical treatments.6

The study finding in Chapter 4 supports the earlier interpretation that excess risk of HIV
mortality associated with the Temporary (or revolving door) pattern would be a manifestation
of disruptions of medical care due to transitions from/to jails and shelters. Sporadically
experiencing brief jail incarceration and homelessness, PLWHA may be less likely to comply
with HIV treatment, which in turn negatively influences health conditions. It seems a plausible
mechanism that explains the Temporary pattern-HIV mortality association in Chapter 3. Future
studies that link mortality data with HIV registry will be beneficial to understand direct and
indirect pathways from the revolving door pattern to HIV mortality.

5.3. Limitations
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This study has several limitations. First, a process of identifying groups of trajectories required a
strong assumption that heterogeneity of trajectories is derived from latent groups, not an
underlying continuous distribution such as life course development of IQ, psychological
attributes, and employment.7 This assumption seems plausible because being homeless or
incarcerated is a major life disruption and the policy convention recognizes unique groups of
homeless adults such as chronic and episodic homelessness.8 Empirically, the current trajectory
groups of the study cohort represent unique experiences of jail incarceration and homelessness.
Yet, more research is still warranted to reinforce theoretical and empirical support for groupbased trajectory modeling approach to describe longitudinal exposure to incarceration and
homelessness. Second, the study used aggregate data to assess mortality risk among nonincarcerated/non-sheltered NYC adults. Thus, inference from the SMR analysis in Chapter 3
should be made with caution because the estimated relative risk could be biased due to residual
confounding. Third, homelessness, jail incarceration, and residing in the community were
determined according to NYC single adult shelter use and NYC jail admission/discharge dates,
which might underestimate true incarceration/homelessness events (e.g., street homelessness,
incarceration outside of NYC). This bias, however, may be counterbalanced by overestimation of
true community-dwelling, and improved validity and reliability of measures from administrative
data as opposed to self-reports. In addition, death outcomes were likely to be underestimated
because deaths outside of NYC were not captured in this study. The estimated relative risk for
mortality is likely to be biased toward the null if this measurement error is independent of
trajectory groups. Fourth, matched data from multiple registries did not contain much
information about risk behaviors and clinical antecedents of excess mortality and morbidity risk.
Even if the results from the sensitivity analyses assured excess mortality risk associated with the
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Temporary pattern, unknown factors that might explain the observed association cannot be
completely ruled out. Fifth, the analysis was only based on study participants who used NYC
shelters or jails and survived in 2001-03. This may introduce a survivor bias by conditioning on a
collider. The excess drug-related mortality risk among the Temporary (the exposed) versus
Continuously homeless groups (the unexposed) was attenuated and non-significant after adding
early death cases. It may reflect the younger ages of early drug-related deaths among the
unexposed, or the study design that no actual treatment was not provided to the exposed. Longer
follow-up time is required to determine presence of survivor bias because 1) the sensitivity
analysis result is based on a very small number of drug-related deaths; 2) trajectory grouping
among early deaths is based on the two-year exposure period on average and may not be reliable.
Lastly, two years may not be a sufficient time to assess mortality risk due to chronic diseases.
Long-term health impacts of some trajectories other than the revolving door pattern may be
different from those observed for two immediate years.

5.4. Strengths and public health significance
There are a number of strengths in this study. First, by studying a large and representative
sample of adults with both jail incarceration and homelessness, this study contributed to
expanding descriptive data and a general understanding of the magnitude and nature of the
‘revolving door’ problem from a public health context. In particular, the use of the combined
registry records allowed for identifying various trajectories of jail incarceration/homelessness, as
seen in Chapter 2. Second, by linking these trajectories with baseline characteristics and health
outcomes, the study yielded more complete profiles of demographic and criminal characteristics
and risk of mortality and morbidity for adults cycling through jails and homeless shelters,
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compared with previous cross-sectional studies. It also allowed for testing a dose-response
relationship between trajectories of jail incarceration/homelessness and health outcomes where
the Temporary (or revolving door) pattern was considered as the highest dose.

Methodologically, the main strength of this study is an innovative approach to improve construct
and internal validity of administrative data. First, using sequence analysis, temporal sequences
and timing of jail incarceration and homelessness events were summarized into distinct groups of
individuals. Compared with commonly-used simple indicator or time-aggregated measures of
each event,9,10 this approach allowed for more explicitly capturing potential life challenges
associated with experiences of incarceration/homelessness.11 For example, the current measure
identified a group with more frequent exposure to the vulnerable time after release from jail,
which might have been collapsed with those with less exposure if sequencing of events were
ignored. For PLWHA, trajectory groups of incarceration/homelessness are likely to be indicative
of housing disruption because of their legal right and support to obtain permanent housing in
NYC. Second, this study makes an important contribution to epidemiologic research by
demonstrating analytic approaches to estimate causation from administrative data, which is
challenging because of non-random exposure assignment and limited data about potential
confounders. Existing studies tend to report associations adjusted for a small number of
demographic variables, which may be insufficient to rule out influences from bias due to other
confounders, selection, and measurement errors. In this study, violation of casual assumptions
and confounding due to unobserved confounding were addressed via IPTW and sensitivity
analyses. Specifically, by weighting the exposure-outcome relationship by an inverse of
propensity score, differences in observed baseline characteristics across trajectory groups were
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controlled, meeting exchangeability assumption. Additionally, IPTW was tightly distributed
around 1, justifying no adjustment to meet positivity asumption.12 The potential violation of the
stable unit treatment value assumption was also addressed by adjusting the estimates by poverty
levels of neighborhood residency. Regarding bias due to unobserved confounders, the study
performed sensitivity analyses and quantified the extent to which observed associations might be
biased from causal association.

5.5. Policy recommendations and future research directions
This study provides important evidence that structural exposure to incarceration and
homelessness contributes to adverse health conditions even after controlling for individual-level
risk factors. In general, individuals with both incarceration and homelessness had higher risk of
all-cause and HIV mortalities, compared with those with incarceration-only and homelessnessonly, even if sociodemographic characteristics appeared to be similar across these three
populations. Furthermore, after controlling for potential confounders, mortality risk was
associated with distinct trajectories of incarceration and homelessness. These study findings
justify allocating more resources to target a group of individuals characterized by their
experiences of incarceration and homelessness (e.g., brief versus long-term stayers) rather than
individual behaviors or demographics. Currently, NYC DOC administers a wide range of jailbased public health services including substance use disorders counseling, mental health
screening and therapy, and opioid maintenance treatment.13 Similarly, shelter entrants in NYC
are required to fill out a screening form, which allows NYC DHS to make an initial assessment
on mental and physical health conditions and provide services or referrals to shelter users.14
During shelter stays, various social services including employment and housing are available,
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while follow-up referrals are provided upon discharge from shelters. Due to excess mortality risk
associated with the Temporary pattern, these jail- and shelter-based programs should be
expanded for more proactive engagement with individuals who briefly stay in jail or shelter,
aiming to promote risk of overdose death and medical treatment options during and after
jail/shelter stay. In particular, given high risk of drug-related death after release, NYC DOC and
DHS should continue to collaborate with community organizations to strengthen communitylinkage services such as maintaining drug counseling/therapy and providing supportive housing
with drug treatment services, as these have been effective in reducing overdose risk factors at
both individual and environmental levels.13

For PLWHA, the finding supports the importance of discharge planning15 and housing stability
for health improvement.16 For those cycling through shelters and jails, providing medical
services at various settings may not be sufficient to improve health conditions. Social services
that assist activities of daily living and stable lives may also play a crucial role in promoting
quality of life and health conditions, as evidenced in the previous and current studies.5 In NYC, a
wide array of medical and social services are available for PLWHA, and further efforts such as
outreach activities should be made to help them connected to these essential services to reduce
recidivism and improve housing stability.4 One recent example is Transitional care coordination
program targeted for incarcerated PLWHA.15 In 2006, this program was launched in order to
integrate disorganized linkage services in NYC jail and improve transition to the community.
Specifically, the program developed a holistic service delivery structure that emphasizes
proactively tracking clients through jail-and community-based coordinators and electronic health
records. Once PLWHA were identified during the jail intake, they were contacted at the first day
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of incarceration for HIV treatments. After this initial contact, incarcerated PLWHA were
followed up at various time points during and after release to develop discharge plans and ensure
connection to medical and social services in the community.

In conclusion, the study revealed six unique groups of trajectories of jail incarceration and
homelessness among 15,620 adults who stayed for at least one night in NYC jails and NYC
single adult shelters in 2001-03, and each group represented unique timing and sequencing of
these events and life challenges. Among these trajectory groups, sporadically experiencing brief
jail incarceration and homelessness was associated with excess risk of all-cause, drug-related,
and HIV deaths. For the subgroup of the study cohort living with HIV/AIDS, this pattern was
associated with lower prevalence of viral suppression, compared with a pattern of prolonged
shelter-free and jail-free period. These findings provide evidence for unique contribution of
structural exposure on mortality and morbidity risk in this vulnerable population. Along with
behavioral interventions, efforts to modify patterns of incarceration/homelessness experiences
may be equally important to reduce risk of adverse health conditions. This study calls for further
research and discussion to identify more refined mechanisms that explain association between
longitudinal incarceration/homelessness experiences and mortality/morbidity, which leads to
practical actions and policies for system-wide changes.
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Appendix I. Baseline demographic and criminal characteristics before and after inverse probability of treatment weighting by
trajectory groups among 15,620 adults who were both incarcerated and sheltered during 2001-03
Temporary
Total
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Age as of 6/30/2002
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Age as of 6/30/2002 (weighted)
18-24 years
25-34 years
35-44 years
45-54 years
55-89 years
Sex
Male
Female
Sex(imputed and weighted)
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black

Increasingly Increasingly Decreasingly Increasingly Continuously
incarcerated
homeless
incarcerated
homeless
homeless

9,467

1,343

1,793

1,293

1,033

691

12%
26%
40%
18%
4%

10%
27%
45%
15%
3%

9%
21%
40%
24%
6%

10%
25%
46%
15%
4%

8%
21%
41%
25%
5%

5%
15%
39%
32%
9%

11%
25%
41%
19%
4%

11%
25%
41%
19%
4%

10%
25%
41%
19%
5%

10%
25%
42%
19%
4%

10%
24%
41%
20%
5%

10%
24%
41%
19%
6%

90%
10%

92%
8%

90%
10%

91%
9%

90%
10%

89%
11%

90%
10%

90%
10%

90%
10%

91%
9%

89%
11%

91%
9%

8%
60%

6%
65%

6%
64%

5%
64%

7%
66%

6%
69%

Hispanic
Asian
Others/unknown
Race/ethnicity (imputed and weighted)
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Others/unknown
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Nativity
United States born
Foreign born
Nativity (imputed and weighted)
United States born
Foreign born
Neighborhood poverty
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Missing
Neighborhood poverty (imputed and
weighted)
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Types of criminal charges

31%
0%
1%

28%
0%
1%

29%
0%
1%

30%
0%
1%

26%
0%
1%

24%
0%
1%

7%
62%
30%
0%
1%

6%
62%
30%
0%
1%

7%
62%
30%
0%
1%

7%
61%
31%
0%
1%

7%
62%
30%
0%
1%

7%
63%
29%
0%
1%

89%
11%

91%
9%

88%
12%

94%
6%

88%
12%

88%
12%

90%
10%

90%
10%

90%
10%

90%
10%

90%
10%

89%
11%

2%
16%
10%
40%
32%

2%
16%
9%
41%
32%

3%
15%
10%
40%
32%

2%
16%
9%
39%
33%

3%
13%
9%
40%
35%

4%
15%
8%
35%
38%

4%
23%
14%
59%

3%
23%
14%
60%

4%
23%
15%
59%

3%
23%
15%
59%

4%
22%
14%
59%

3%
24%
14%
59%
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Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes
Types of criminal charges (weighted)
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes

34%
18%
30%
30%
37%
4%
9%
2%

51%
31%
46%
40%
60%
7%
9%
3%

35%
19%
33%
31%
39%
5%
9%
3%

46%
35%
40%
36%
53%
5%
7%
4%

35%
14%
30%
30%
40%
3%
9%
3%

43%
22%
28%
29%
44%
3%
9%
4%

38%
21%
32%
31%
41%
4%
9%
3%

40%
23%
34%
30%
44%
5%
7%
3%

34%
21%
33%
32%
42%
4%
9%
3%

41%
23%
33%
30%
43%
5%
8%
3%

36%
20%
32%
31%
41%
4%
9%
3%

34%
21%
34%
29%
41%
4%
8%
3%

Substance use
Substance use (weighted)

37%
41%

54%
42%

42%
41%

49%
43%

39%
41%

51%
40%

Serious mental illness
Serious mental illness (weighted)

2%
4%

4%
3%

6%
3%

2%
3%

6%
3%

9%
4%

Appendix II. Summary of inverse probability of treatment weight
All-cause and drug-related mortality model
HIV model

Mean
0.996
0.997

Abbreviations: std, standard deviation.
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Std
0.324
0.302

Min
0.164
0.246

Max
4.125
3.818

Appendix III. Two-by-two table of actual and imputed neighborhood poverty variables among randomly selected 25% of the complete
data

Actual neighborhood poverty
Low (<10% below poverty)
Medium (10% to <20%)
High (20% to <30%)
Very high (≥30%)

Low
3539 (78%)
356 (1%)
219 (1%)
485 (1%)

Imputed neighborhood poverty (row %)
Medium
High
Very high
361 (8%)
199 (4%)
463 (10%)
25841 (83%)
1362 (4%)
3682 (12%)
1424 (7%)
15037 (79%)
2441 (13%)
3839 (6%)
2428 (4%)
55706 (89%)

Notes: Simple kappa = 0.76 (95% CI = 0.76, 0.77), weighted kappa = 0.77 (95% CI = 0.77, 0.77).

Total
4562
31241
19121
62458
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Appendix IV. Baseline demographic and criminal characteristics before and after inverse probability of treatment weighting by
trajectory groups among 1,173 adults living with HIV/AIDS who were both incarcerated and sheltered during 2001-03 and had viral
load reports in 2004-05

525

Increasingly
incarcerated
73

Decreasingly
incarcerated
88

Decreasingly
homeless
42

Continuously
homeless
59

29%
51%
18%
2%

30%
51%
18%
1%

26%
52%
17%
5%

17%
64%
19%
0%

25%
51%
20%
3%

28%
52%
18%
2%

20%
62%
16%
2%

27%
53%
18%
2%

24%
51%
25%
0%

26%
52%
20%
2%

84%
16%

84%
16%

76%
24%

81%
19%

86%
14%

83%
17%

88%
12%

87%
13%

81%
19%

84%
16%

4%
66%
30%

4%
74%
21%

3%
61%
33%

2%
74%
74%

2%
76%
22%

Temporary
Total
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Age as of 6/30/2002
18-24 years
25-34 years
35-44 years
45-54 years
Age as of 6/30/2002 (weighted)
18-24 years
25-34 years
35-44 years
45-54 years
Sex
Male
Female
Sex (weighted)
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic

Others/unknown
Race/ethnicity (weighted)
Non-Hispanic white
Non-Hispanic black
Hispanic
Others/unknown
Nativity
United States born
Foreign born
Nativity (weighted)
United States born
Foreign born

0%

1%

2%

0%

0%

4%
67%
29%
0%

1%
70%
28%
1%

3%
64%
32%
1%

1%
67%
31%
0%

3%
65%
32%
0%

93%
7%

95%
5%

93%
7%

98%
2%

90%
10%

93%
7%

91%
9%

92%
8%

92%
8%

94%
6%
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Neighborhood poverty
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)
Neighborhood poverty (weighted)
Low (<10% below poverty)
Medium (10 to <20%)
High (20 to <30%)
Very high (≥30%)

3%
22%
12%
63%

4%
22%
10%
64%

1%
19%
18%
61%

2%
29%
17%
52%

5%
31%
10%
54%

2%
21%
13%
63%

2%
17%
8%
73%

3%
21%
12%
63%

3%
27%
13%
56%

2%
21%
11%
65%

Types of criminal charges
Drug possession
Drug sales
Violence

46%
26%
22%

71%
41%
42%

56%
44%
35%

43%
19%
24%

51%
27%
32%
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Public administration
Property
Weapons
Quality of life
Sex crimes
Types of criminal charges
(weighted)
Drug possession
Drug sales
Violence
Public administration
Property
Weapons
Quality of life
Sex crimes

29%
41%
3%
7%
2%

44%
62%
7%
11%
4%

36%
43%
2%
6%
5%

29%
60%
0%
7%
0%

32%
44%
2%
7%
3%

50%
29%
27%
31%
44%
3%
7%
2%

59%
35%
27%
23%
44%
5%
6%
6%

55%
30%
31%
32%
47%
1%
6%
2%

47%
20%
18%
41%
58%
0%
9%
0%

51%
33%
31%
29%
44%
1%
5%
3%

Substance use
Substance use (weighted)

47%
52%

73%
61%

58%
57%

55%
50%

58%
53%

Serious mental illness
Serious mental illness (weighted)

1%
1%

0%
0%

3%
1%

2%
1%

2%
1%

10%
84%
5%

9%
89%
1%

9%
81%
10%

2%
90%
7%

10%
86%
3%

10%
84%
6%

8%
91%
2%

14%
81%
5%

8%
87%
5%

8%
87%
5%

Age at HIV diagnosis
13-24 years
25-49 years
50+ years
Age at HIV diagnosis (weighted)
13-24 years
25-49 years
50+ years

Stage
Late (HIV/AIDS)
Early (HIV only)
Stage (weighted)
Late (HIV/AIDS)
Early (HIV only)

3%
97%

1%
99%

3%
97%

2%
98%

5%
95%

3%
97%

1%
99%

2%
98%

1%
99%

3%
97%

123

Appendix V. Summary of inverse probability of treatment weight
Retention in HIV care model
Viral suppression model

Mean
0.978
0.983

Abbreviations: std, standard deviation.
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Std
0.424
0.402

Min
0.102
0.091

Max
4.252
3.662
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